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neer at the time, this “resulted in a complete change of attitude toward the
project and it was literally shelved.” A year later, the top management of the
financially troubled family firm was completely changed, reflecting the acqui-
sition of Gisholt by Giddings and Lewis. All research and development was
stopped for a time and by 1965, when a new program was initiated, the
numerical control systems of GE and Bendix were already too well estab-
lished to warrant any revival of Factrol or record-playback.*

Several Factrol systems had been ordered, but none was ever delivered.
Trechsel left the company before the change in management to set up his own
small firm, but he went bankrupt a few times and had most of his ideas either
buried or stolen. The Factrol system, he later recalled, was never really
promoted. “Digital systems were promoted by the computer companies and
the market force for analog was simply not there. Gisholt itself could not put
enough money into its development.” For a while another company, Tracer
Control, marketed the Factrol system, in arrangement with Gisholt, under its
“F Series” Duplimatic trade name. But by 1965, Factrol had disappeared from
view, and even from memory.”’ (Gisholt attempted to retain the shop floor
approach in its shift to numerical control by adopting Caruthers’s Special-
matic control, see page 95, but this too was abandoned once Gisholt became
part of Giddings and Lewis.)

In 1957, the Warner and Swasey Machine Tool Company of Cleveland
came out with its C25 “Servofeed” turret lathe, which involved a variant of
the record-playback concept. According to Fortune, it was “the biggest at-
traction” at the 1960 Machine Tool Exposition in Chicago. The lathe was
equipped with an electronic memory, a magnetic core recorder, and was
designed for a programming-by-doing approach. “Operation of the Servofeed
lathe memory system,” the company description explained, “requires no tape
or other outside programming. The machine operator simply pushes a button
at the end of an acceptable cut during set-up. Actuation of the button causes
pertinent factors such as the feed, speed, start-of-cut, length and dimension
on the work to be automatically inserted into the machine’s memory in the
form of commands. These commands can then be used to control machine
operation automatically on succeeding pieces in the lot.” The system could
also be used to generate a tape of the program for permanent storage, while
the machine memory itself was erased toaccommodate a new program. It was
actually a dual-mode system, and could be run off preprogrammed punched
numerical control tape as well, especially in the case of difficult, complex
parts.*®

Warner and Swasey’s intent in designing the system, according to com-
pany engineer Robert Griffin, was to make sure that experienced people on
the shop floor could do the programming, “because there was not enough
expertise in the office to know how to set the feeds and speeds.” But here as
well the approach never got very far. Within Warner and Swasey the system
was not pushed, primarily because of internal controversies and because top
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management did not feel that the company was equipped either technically
or financially to handle the maintenance and service that the electronic system
required. Actually, Griffin recalled, there was very little exposure of the
concept of shop floor programming. Originally some people liked the idea but
they were at the time put off by the execution; Warner and Swasey at the time
was still using tubes rather than solid-state electronics. By 1965, when the
newer electronics became readily available, “the concept of shop floor control
was dropped completely in favor of complete pre-programmed type control.”
Rather than continuing to develop its own controls, Warner and Swasey
turned instead to off-the-shelf general-purpose controls manufactured by GE,
a Warner and Swasey customer, and Bendix. From that time on, Griffin
noted, “Controls were developed by electronics people who knew little about
machine tools or machine shop needs.” On the other hand, “machine tool
builders could not develop their own systems because they lacked the techni-
cal and financial resources and could not adequately handle the servicing.”
Controls were thus either unsuited to the machines or, more typically, applied
with a significant sacrifice in machine performance. Warner and Swasey sold
a few Servofeed machines to a Cleveland neighbor, TRW, and, originally,
there “the concept of pre-planning by part programmers was secondary to
operator set-up and memory.” But within a very short while, the Servofeed
machines, like the rest of TRW’s automatic equipment, were converted to full
numerical and computer control.*

A similar approach was taken, in a milling machine application, by the
MOOG Machine Tool Company of Buffalo, New York. MOOG at one time
manufactured a small pneumatically actuated milling machine which, like
Warner and Swasey’s lathe, was equipped with a control that allowed for the
operator to make a program during the machining process. Although it was
limited to point-to-point positioning control, the system would generate a
punched tape for permanent storage upon completion of the first piece. But
like Warner and Swasey, MOOG moved increasingly in the numerical control
direction, leaving shop floor control behind. Its new “Hydrapoint” numerical
control systems, MOOG advertised, “allowed management to plan and
schedule jobs more effectively,” while “operators are no longer faced with
making critical production decisions.”*

In the late 1960s, record-playback made a few other brief appearances,
in a technically updated form. MIT’s David Gossard, then at Purdue, took
advantage of the latest developments in microprocessors and computer
graphic techniques to develop what he called an “analogic part program-
ming” or “part programming by doing” approach to tape preparation. It was,
in essence, the record-playback concept one step removed. Instead of pro-
ducing a tape by actually machining a part on a machine tool, an operator
would simulate the machining process on a visual display tube screen. The
concept was thus very much the same. The workpiece and the cutting tool
were displayed on the screen. Using cranks or knobs or levers, the operator
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could “machine” the workpiece as he would an actual part on a machine tool,
stopping to measure the part, repeat cuts as necessary, change tools, set feeds
and speeds. When the “machining” was complete, the unit generated a
finished numerical control tape, which could then be used to produce actual
parts on a machine tool. The system had an accuracy of one-thousandth of
an inch, and had the attractive feature of enabling the programmer to correct
and “proof” out his finished tape on the screen before using it to cut chips
on a machine tool, thereby reducing programming errors and improving
quality and efficiency.®

Gossard was primarily trying to overcome what he called the “trouble-
some,” “inefficient” part programming requirements of numerical control,
which were by this time “traditionally regarded as a headache for most N/C
installations.” In particular, he was concerned that the methods of tape
preparation then in use severely restricted the accessibility and practicality of
numerical control for small, job shop users, who lacked the financial and
technical resources N/C demanded. He estimated that in most metalworking
shops “parts produced are considerably less complex than many part-pro-
gramming languages” presupposed, languages which had been developed
particularly for aerospace applications. (Whereas the Air Force demanded a
five-axis contouring capability, Gossard estimated that 8o percent of non-
aerospace applications of N/C required two-and-a-half-axis control—con-
touring in x and y plane with a programmable z axis—or less.) His system,
he argued, was perfectly suited to most metalworking requirements, and
reduced training requirements, computer capacity requirements, cost, and
costly delays.

Rather than “imposing a substantial and largely artificial structure upon
the transfer of information as evidenced by the amount of training required
to develop proficiency” at regular (N/C) part programming methods, Gos-
sard argued, analogic part programming ‘“creates programs by doing,” by
simulating machining with computer graphics, after which “the history of
tool motions is converted directly to a finished control tape.” Thus, the new
method “requires no knowledge of part programming languages™ because it
eliminates the “necessity of symbolically describing desired tool motions. By
providing a mechanism whereby the information regarding a cut is conveyed
in a manner resembling, as closely as possible, the conceptual process of the
machinist, the constraints imposed by symbolic part programming are largely
avoided.” “As a result,” Gossard concluded, “the complexity of part pro-
gramming is significantly reduced,” along with costs and training require-
ments. “For certain classes of parts, analogic part programming would be
quicker, more efficient, and thus more economical than existing methods by
virtue of its simplicity.” Gossard also emphasized that his method permitted
“skilled but non-specifically trained [machinist] personnel to produce finished
N/C tapes,” and stressed that it had important “educational value” as well
in that it took “the mystery out of programming.”®
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Gossard developed a prototype of his system, for a lathe, and, in addition
to demonstrating it to potential users and manufacturers such as Bendix,
conducted ‘“‘user tests” that proved that machinists with no previous pro-
gramming experience could learn to produce their own finished tapes in a few
hours. He promoted his method as “a promising new concept” in tape prepa-
ration. But, like the record-playback advocates before him, he never received
sufficient backing to develop the system further. The prototype components
gather dust on his office shelf.*%

In the late 1960s also, several manufacturers—Bendix, Brown and
Sharpe, and Digital Electronics Automation (DEA)—introduced digital “co-
ordinate measuring machines” to be used for the final inspection of N/C-
produced parts. While not originally intended for this purpose, these ma-
chines were also employed to generate N/C tapes by motional means, hence
revitalizing the record-playback concept. The inspection machines were es-
sentially digitized tracers; a probe would be manually guided over the surfaces
of the part being inspected and the motion would generate fully interpolated
digital data about the surface contours which could be simultaneously com-
pared with the N/C tape data used to machine the part. Brown and Sharpe
adapted its “Validator” inspection machine to generate the N/C tapes mo-
tionally as well. For its own use initially, Brown and Sharpe created special
software to translate the fully interpolated data generated by the tracer mo-
tion into compound instructions (linear and circular functions rather than
coordinate data) corresponding to the surface and a cutter path. These “opti-
mized” instructions were then further supplemented with tooling specifica-
tions, N/C machine control characteristics, auxiliary functions, and cutter
offsets, and the result was a complete N/C tape, ready for use in an N/C
machine tool to reproduce the traced part. Here, then, was a way of “faking
N/C,” as one software manufacturer described it, preparing program tapes
“backwards” by recording motion rather than by mathematically describing
a cutter path in the abstract.

Brown and Sharpe used the record-playback approach for profile milling
operations, in those cases where a part already existed or where a prototype
or master part had to be made first “to feel” rather than to mathematical
specifications (e.g., Smith and Wesson gunstocks and Steelcase chairs). The
company did not see the system as a substitute for conventional N/C pro-
gramming, however; in cases where neither a part nor data were available,
the company routinely opted to prepare the data rather than generate them
by first producing, and then tracing, a part. Brown and Sharpe offered the
tape-generating software to Validator purchasers as a special auxiliary pack-
age, but customers showed little interest. And those few customers who did
use the Validator to generate part data did not do so in order to produce N/C

*In 1980, Gossard learned, to his surprise, that his programming approach had been adapted for use
in some metalworking shops—in Japan.
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tapes on the shop floor. Quite the contrary. The system was used to generate
data for a CAD/CAM (computer-aided design/computer-aided manufac-
ture) data base (see epilogue for discussion of CAD/CAM). Once it was
stored, the data could be manipulated, via computer graphics, to alter the
design and to generate prints and tapes of the part in the standard manner.
Thus, this record-playback capability was simply used to further facilitate
management control over production. According to one of the designers of
the special software, there is little interest in the manual, motional approach
to N/C tape generation and, given the overall thrust of manufacturing tech-
nology, there will probably be even less in the future. In the late 1970s, DEA
introduced an inspection machine and software package specifically designed
to produce N/C tapes by manually scanning parts. But, by 1982, the Italian-
based company had sold only eight such ‘“ManScan” (Manual Scanning)
systems worldwide, and most of these were purchased for CAD/CAM ap-
plications.®

The limited sales of these record-playback programming systems were
due probably to the high initial cost of the inspection equipment and the
half-hearted way in which the companies marketed the tape preparation
capability (they remained primarily interested in selling their most expensive
inspection machines to firms already heavily committed to conventional N/C
programming and CAD/CAM systems). But these were not the only reasons.
As the experience of Ralph Kuhn of the Ford Motor Company illustrates,
other powerful social, economic, and ideological factors caused potential
users to reject or to remain blind to the possibilities of this updated version
of record-playback.®

Ford used N/C equipment primarily in the production of stamping dies,
and Ralph Kuhn, as tool and die supervisor and member of the value engi-
neering department in the Dearborn tool and die shop at the mammoth River
Rouge complex, oversaw and evaluated Ford’s N/C activities on the shop
level. Kuhn had come up into his supervisory position off the floor and had
acquired three decades of production experience by the time he retired in 1980.
As John Parsons, also a product of automobile manufacturing, had been
trained by the Swedish mechanic Axel Brogren, so Kuhn had learned the tool
and die trade from German immigrant machinists, and had gained thereby
a deep and enduring respect for the skilled workers upon whom he later
depended. And as a production supervisor concerned above all with effi-
ciency, quality, quotas, and schedules, Kuhn had developed a penchant for
simplicity and economy. “We’re simple people,” he later reflected; “we ask:
‘Is this the simplest way to do this?” ‘Is this the cheapest way to do this? ”
Kuhn asked such questions about the use of N/C technology at Ford and
arrived at his own, controversial, conclusions.

Ford had by the late 1960s spent a great deal of money and countless
engineering hours developing its in-house computer programming language
known as FORSUR (Ford Surface). FORSUR was used for generating, with
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the aid of a computer, N/C tapes for both straight-cut and profile milling
(contouring). To Kuhn, who was always trying to increase N/C machine
utilization in order to reduce costs and increase productivity, the FORSUR
approach was far too complicated, tape preparation time was too long (often
leaving his expensive machines idle), and overhead costs were excessive,
beyond the bounds of economical production. The systems engineers in the
Ford N/C Staff Group, in Kuhn’s view, had “created a whole new language
barrier, set themselves up in an ivory tower, and come up with the most
complicated ways of doing things.” In an effort to increase machine utiliza-
tion and reduce costs, Kuhn searched for simpler ways, and devised new and
cheaper methods not only for straight-cut milling but for profile milling as
well.

Drawing upon his own shop experience with a precision Szip mill, Kuhn
developed in the late 1960s a simplified shop floor procedure for point-to-point
programming, applicable to straight-cut milling. (Displaying the kind of shop
floor ingenuity available in most machine shops, he also devised ways of
extending the intended capacity of point-to-point controls to include contour
cutting.) His simplified programming procedure was similar to the one origi-
nally developed by John Parsons and it was later adopted in job shops where
computer-based programming methods were unavailable and cost control
and thus full utilization of point-to-point N/C equipment was critical to
survival. At the outset, Kuhn encountered the hostility of Ford N/C engi-
neers, who insisted that FORSUR was the best or only way, but he succeeded
in convincing one of his superiors to let him conduct a study comparing the
two methods. He spent a few hours instructing two tool and die machinists,
who had no previous programming experience, in his method. Using blue-
prints of three typical parts for guides, a Frieden calculator, a Flexowriter to
punch the tape, and five or six basic commands, they successfully prepared
N/C tapes for their Giddings and Lewis horizontal “bar mills.” Kuhn then
had programs for the same three parts prepared by the programming office,
using their computer and FORSUR format. The results were compelling:
Kuhn’s shop floor method required only 20 percent of the cost and a quarter
of the time required with the computer-based approach.

As a result of this experiment, and despite the continued skepticism and
hostility of the N/C engineers, Kuhn was given the go-ahead to use his
approach, and for the next year and a half all N/C straight-cut milling at the
Dearborn tool and die shop was programmed in this manner, by tool and die
machinists. What finally put an end to this side journey into simplicity, and
shop floor control, was not economics or technical shortcomings but class
politics. As the next union contract negotiations approached, the UAW com-
plained that management was using N/C to displace workers and to remove
jobs from the bargaining unit, and the union insisted, therefore, that the
workers should retain control of the programming function. Ford refused to
yield and eventually Kuhn was ordered to abandon his proven shop floor—
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oriented procedure in favor of the management-controlled FORSUR method.
“What does it matter who controls the programming if it’s cheaper?”’ Kuhn
later remarked in frustration. But it did matter. For management, which had
already acknowledged the considerable savings made possible with the sim-
pler method, was willing to sacrifice such economy in cost and time in order
to retain total control over production.*

A few years later Kuhn had a similar experience. This time he tried to
introduce a record-playback method for producing N/C tapes for three-axis
profile milling, the chief purpose for which FORSUR had been created. Kuhn
was convinced that the FORSUR method rendered N/C profile milling un-
economical in Ford applications. Ford used N/C to produce the master die
sets which were later duplicated and used to stamp millions of automobile
parts. Thus, at Ford, N/C was used to produce specialized parts (the dies)
in very limited quantities, and it was not at all uncommon for an N/C tape
to be made for the machining of just a single part. Because of the considerable
cost involved in making the tape with the computer-based method, Kuhn
insisted that, at Ford anyway, “N/C never made a buck,” since there was no
way to spread that programming cost out, to offset it with volume production.
Kuhn considered the “cost-saving projections” formulated by the Ford N/C
Staff Group to justify the use of N/C and FORSUR to have been “totally out
of the blue sky,” reflecting a fascination with computer programming and
automation rather than production realities. These projections were never
attained, Kuhn pointed out, and the N/C Staff Group and Ford management
“jockeyed the figures around” to such an extent, to justify their efforts and
conceal “this fiasco,” that “it would have taken the FBI to track them down.”
“The N/C machines were subsidized, they never paid off,” Kuhn later in-
sisted, “and anyone who tells you otherwise is a bald-faced liar.”t

Because the tape preparation cost was critical to N/C economics, Kuhn
searched for ways to simplify programming for profiling as he had tried to
do for straight-cut milling. At the time, in the early 1970s, DEA was trying
to sell Ford some of its digital inspection machines, and Kuhn, upon examin-
ing them, immediately recognized the possibility of using them to generate
the N/C tapes without a computer. Since, in designing a car, wooden models
were made first, from which all specifications for dies and subsequent parts
were drawn, Kuhn proposed that the DEA inspection equipment be used to
trace plaster and plastic casts of the wood model, to generate N/C tapes for

*See Chapter Ten.

1This lesson was learned, the hard way, by one of Ford’s less-endowed suppliers. According to Kuhn,
Buffalo Tool and Die Company got into three-axis milling at Ford’s insistence and with Ford
assistance. But, once the three-axis machine had been installed in the Buffalo shop, the supplier had
to rely upon Ford to provide the tapes necessary to use it. Ford’s own difficulty in making the tapes,
coupled with the priority it gave to its own in-house tool and die shops at the River Rouge, meant
that Buffalo was often saddled with idle equipment. Without an alternative cheaper, faster, and more
reliable way of making the tapes for its very expensive machine, the Buffalo company went bankrupt.
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the machining of the dies. He discussed his “trace and record” approach with
Fabrizio Grassi, a DEA control expert, and, within two days, Grassi had
created the requisite software that converted the inspection machine into a
programming machine capable of motionally generating N/C tapes for Ford’s
three-axis control machine tools.

Kuhn was allowed to set up a low-key five-hundred-dollar project to test
out the motional method on typical parts, such as a window regulator and
an inner car door. He adapted the DEA inspection probe with urethane balls
of varying sizes to simulate different-sized ball cutters used in the actual
milling. By using the balls to trace the casts, Kuhn was able to generate a
cutter path directly, without having to derive it laboriously from surface
information. He also added basic machine commands to the generated cutter-
path information and thus produced an N/C tape capable of producing the
parts. He found the programming to be extremely accurate, relatively cheap
and quick, and totally accessible to tool and die machinists. It took Kuhn only
ten minutes in February 1972 to prepare the tape for the window regulator
and begin machining, whereas FORSUR programming required the prepara-
tion of a detailed planning manuscript, then coding, keypunching, computa-
tion, and plotting and testing of the completed tape before it could be used
to run a machine tool—all of which could take days, counting delays. Yet,
for all its obvious advantages, the new method was never adopted at Ford.

Opposition to Kuhn’s idea came from several quarters and for different
reasons. The Ford management, first of all, was no more disposed to having
machinists prepare the programs for profile milling than they were to having
them do it for straight-cut milling. The motional method was opposed pre-
cisely because it lent itself to shop floor programming by workers rather than
engineers and thus strengthened the union’s bargaining position in the fight
over control of the programming function. Management did not want to yield
such a measure of control to the workers and their organization. To do so
would have been antithetical to the overriding ideas that had guided the
development and deployment of N/C. The systems engineers in the Ford
N/C Staff Group who had created FORSUR were likewise opposed to
Kuhn’s idea, although they had keenly watched his project from a distance.
They, of course, wanted to retain their control over the programming function
to maintain their own employment and measure of authority. Moreover,
given their ideological commitment to the superiority of abstract, formal
procedures, they possibly remained blind to the full potential of the motional
approach, which relied upon manual methods, because it appeared to them
as a step backward. Also, they were no doubt convinced that their computer
was indispensable and that their own expertise and enthusiasm were the key
to modern production. Kuhn was merely a plant-level supervisor, after all,
and they may have viewed his years of experience as evidence of his back-
wardness and ignorance of modern methods. “We have a generation starting
twenty years ago,” Kuhn later recalled, “which developed a machine called
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a computer that could add one plus one very quickly. With their theoretical
education, they had to come up with sophisticated uses for this simple ma-
chine, approaches that dazzle and perplex people. They’ve never had to live
in a world where they had to do something in the most direct and cheapest
way, in the least amount of time,” but, with their computer and their overly
complicated, indulgent, and expensive habits, they “think they are three levels
of intelligence higher than the rest of us.”

Finally, “the N/C Staff Group had spent untold millions” creating the
FORSUR format for generating shapes and neither they nor the managers
and executives who approved of this massive expenditure were disposed to
admit that they had perhaps made a colossal and costly mistake. Thus,
reflecting what Kuhn referred to as the “corporate mentality” or the “cya
syndrome” (cover your ass), they constructed a “massive cover-up.” Kuhn’s
immediate superior, who had allowed him to experiment with the inspection
machine, was transferred, Kuhn himself was ordered to abandon the project,
and those few who knew about it knew also to keep quiet if they wanted to
hold on to their jobs. Thus, there was no public disclosure, no papers pub-
lished in the proceedings of the Society of Automotive Engineers or the
Society of Manufacturing Engineers, no demonstrations for equipment manu-
facturers or suppliers. Kuhn tried to convince DEA, the manufacturer of the
inspection equipment, to promote the “tracer-record” application but without
success. (Some years later, DEA did finally begin to promote the use of its
machines for programming, but ran into many of the same obstacles that had
confronted Kuhn.) Kuhn thus remained a self-described “‘voice in the wilder-
ness.” “For twenty years these guys have been blowing it,” he observed in
1982, alluding in frustration to the demise of the U.S. auto industry. “For
twenty years we’ve been on the wrong track.”

The record-playback, or motional, approach to machine tool control, how-
ever many times it was advanced, was never fully utilized in industry. The
concept did find another application, however, in the field of robotics. Al-
though Joseph Engelberger, founder of Unimation—the first manufacturer of
industrial robots—is commonly credited with having been the “father of
industrial robotics,” the actual creator of the technology was a Kentucky-
born, self-educated, independent inventor named George DeVol. In the 1930s,
DeVol had set up one of the first companies in the United States to manufac-
ture photoelectric controls. The following decade, DeVol, like many other
inventors at the time, turned his attention to magnetic recording devices and,
in the early postwar years, he too developed a record-playback control for a
lathe.

“We turned out whatever we wanted,” DeVol recalled, “and, in the
process of making them, we magnetically recorded all the lathe’s actions.
From that point on, the lathe could automatically produce identical parts.”
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DeVol described his control system, in his patent application, as a “teachable
machine” and contrasted his approach with that of MIT (which he attributed
to Jay Forrester). Forrester, he observed, “was programming his machine, not
teaching it. There’s quite a difference.” ‘“My principle,” he later reflected,
“has always been to reduce the complexity of the manufacturing system as
much as possible. Even with a terribly difficult problem . . . there may be a
simple solution.”

According to DeVol, the first industrial robot was a direct extension of
his teachable machine concept, a manually programmable manipulator which
he dubbed Unimate (for Universal Automation). “I wasn’t thinking of science
fiction robots,” DeVol recalled. “I had to be practical, because the people I
was selling to were practical.” He received a patent on his “magnetic storage
and sensing device” (a magnetic drum encoder for a digital feedback system)
in 1954 and thereafter tried without success to sell it (as Parsons had before
him, DeVol tried, and failed, to get IBM committed to his concept). Finally,
in 1956, he teamed up with aerospace engineer and entrepreneur Engelberger
who, with DeVol’s patents, set up Unimation. The first Unimate robot, based
upon the record-playback “teachable machine” concept, was built in 1958 and
the first sale came three years later, to General Motors.¢’

In 1959 Engelberger discussed the possibility of numerical control of
robots with MIT’s William Pease and Jay Forrester but found the cost
prohibitive and the challenge overwhelmingly difficult.* Thus, he stuck with
the cheaper and far more practical record-playback approach. (Record-
playback was actually perfect for robots, which operated in a multi-dimen-
sional ‘“‘universe” that is hard to know and extremely difficult to model
mathematically, unlike the three or even five axes of a machine tool.) Thus,
all Unimates, for such tasks as spot welding and spray-painting, were de-
signed with record-playback programming. Operators on the shop floor
“taught” the robot arm by manually guiding it through the desired motions
and these motions were automatically recorded and played back. Engelberger
emphasized shop floor programming, and his sales and service people taught
workers to program the robots while at the same time urging engineers to stay
away from the equipment (for fear that they would get carried away and try
to make it more “sophisticated”—and thus less practical). Management,
according to Engelberger, often argued that if the workers did the program-
ming they would inevitably “dog” the work or “wing it,” with a sacrifice in
productivity, but Engelberger insisted that the opposite was the case, that
workers would best be able to optimize the use of the equipment. (K. G.
Johnson, in his 1974 “World Survey of Robots” for the Society of Manufactur-
ing Engineers, found that there was of ten initial controversy between manage-
ment and union over who would do the programming—a controversy, and

*One promising but ultimately stillborn effort to move in this direction was made at this same time
by US Industries. See Appendix IV for a description of the USI “Transferobot.”
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a potential for labor, that would probably have been far less likely without
the simple record-playback programming method, whatever the outcome.)®

In 1961, Veljko Milenkovic filed for a patent for a “Single Channel
Programmed Tape Motor Control for Machine Tools,” an improved system
of recording motion that increased accuracy and insured greater synchroniza-
tion of motions. Originally, as the patent title indicates, the system was
intended for machine tool control, specifically for a more practical approach
than numerical control. “Digital systems,” Milenkovic wrote, “require large
amounts of complex equipment to insure playback accuracy. In addition, they
require relatively long periods of time to set up a program of motions for the
movable members to follow. Such systems are not readily adaptable to ap-
plications where both versatility of the controlled member and ability to easily
and quickly change a program are required.” In his system, “the program for
the member to repetitively follow at a subsequent time is set up, recorded, and
stored simultaneously by manually guiding the movable member through a
desired path of travel.”

The following year, Warren Schmidt and his colleagues at American
Machine and Foundry filed for another patent, for their “automatic position-
ing apparatus,” the basis of a record-playback point-to-point positioning (like
the early MOOG system). Like Milenkovic, Schmidt cited the advantages
his system had over numerical control methods. With numerical control,
he pointed out, “the expense of highly skilled personnel required for main-
taining the computer, as well as the expense of the computer itself, places
limits on the amount of automatic machinery which can economically be
justified. . . . Another disadvantage,” he added, “is that the computers
required . . . often reach awesome proportions, particularly where a large
number of program points and a large number of possible required loca-
tions are desired.” Finally, he concluded, “another disadvantage is that the
programming of these systems is relatively complex and usually requires
highly trained and skilled personnel. The various program points are nor-
mally precalculated and must be converted to computer language and then
stored in the storage medium.” Thus, Schmidt argued, ““a substantial need
exists for automatic positioning apparatus which is less complex and which
can more easily be programmed.” His system, which created programs by
simply recording manually directed positioning, was designed to meet
that need.®®

Neither Milenkovic’s patent nor Schmidt’s was ever applied to machine
tools. Instead, they became the basis for AMF’s ‘“Versatran® transfer robot,
which functioned much like the record-playback Unimates. Thus, for a while,
record-playback found a home in robotics. But here too there was soon
movement in the direction of numerical control, of more “sophisticated”
systems directed by computer-synthesized programs. Milenkovic, who left
AMF in 1963, attributed the shift to a number of factors, including the
computer and digital orientation of a “new breed of engineers,” the attractive-
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ness of computer control to those “above” in the production hierarchy, the
“societal trend” away from craft-skill, the “manufacturing philosophy” to
take control off the shop floor, and the design habit of breaking up and
minimizing as much as possible dependence upon operator skills. Engelberger
of Unimation viewed the shift from record-playback to numerical control in
robotics as movement toward the “more elegant” but also the “less realistic
and useful” approach. The shift has been promoted primarily by the Air
Force, he noted, for precision work, and by (usually) military-sponsored
projects at MIT and Stanford, where the emphasis is upon robot assembly.
But underlying all of this, he observed with not a little sarcasm, “are the
Ph.D. candidates in search of a thesis, the academics who want chapters for
their books,” the industrial engineers and managers who desire more “ratio-
nal” production and more complete control. “There is still plenty of room for
record-playback programming,” Engelberger concluded in 1977. “However,”
he advised, from experience, “to the software engineer, this places far too
many cards in the hands of the lowly machinist.””

Frederick W. Cunningham, the numerical control pioneer, could not under-
stand why record-playback technology was never commercially developed.
“Such machines have been described in a number of patents [and] some of
these are rather old,” he noted in 1954. “It is hard to see in reading these
patents why these devices have not come into use. They look pretty practical
but apparently they have not been used to any extent.” As a result of this
abandonment of the R/P alternative, those firms in the metalworking indus-
try unable to take advantage of N/C were long excluded from participating
in the postwar advances in automatic industrial control technology. In the
wake of the so-called N/C revolution, they remained stuck with older conven-
tional equipment, while all that time R/P lay dormant. Why, then, was this
road not taken? Why was it that R/P was never used, if not as a substitute
for N/C, then as a supplemental alternative to it—a viable and readily accessi-
ble approach suitable for most metalworking requirements outside the aero-
space industry? Why were the existent technical possibilities not exploited
more fully and with greater diversity, in accordance with the broad range of
industry needs?”

In his history of N/C, as we have seen, Donald P. Hunt treated R/P only
in passing, observing that “this method of attempting to record an operator’s
skill on tape was not successful since the control and coordination of more
than one axis proved extremely difficult.” But such difficulty was certainly not
restricted to R/P; N/C engineers confronted similar difficulties. Moreover,
R/P designers and promoters insisted that they were indeed able to achieve
simultaneous multi-axis control and maintained—in much the same way as
did their N/C counterparts—that, with sufficient and sustained support, all
such difficulty would in time be overcome. This explanation, then, simply
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does not suffice. Hunt suggested another possible explanation for the aban-
donment of R/P in his cryptic remark that potential customers had found the
R/P method of tape preparation to be “unsatisfactory.” But the question
remains: unsatisfactory for whom? unsatisfactory for what? As was suggested
at the beginning of this chapter, unilinear technological development, which
often leaves a string of unfulfilled promise in its wake, is usually less an
indication of straightforward technical progress, of the necessary evolution of
successively superior developments, than of the realities of social power and
the hegemony of powerful ideas. Beyond the particulars of each stillborn
episode, beyond the myriad historical accidents, financial crises, internal
company squabbles, territorial disputes, competing technical estimates, and
personal conflicts that inescapably shape the course of events, there lie the
larger currents of society with which, or against which, people and technolo-
gies invariably must swim.”

The ideas that shaped this outcome had their source in the overlapping
technical, managerial, and military communities. First, within the technical
community these ideas included a preference for formal, abstract, and quan-
titative approaches to the formulation and solution of problems, an obsession
with control, certainty, and predictability, and a corresponding desire to
eliminate as much as possible all uncertainty, contingency, and chance for
human error. These ideas manifested themselves in an enthusiasm for com-
puters and digital techniques, a delight in remote control, and an enchant-
ment with the notion of machines without men. They were also reflected in
a general devaluation of human skills and a distrust of human workers and
in an ongoing effort to eliminate both. (This, of course, was justified as an
effort to increase efficiency, reduce human toil, and overcome the perennial
shortage of skilled labor.) Finally, these ideas were manifested in a far-
reaching fetish for novelty and complexity, for new approaches—however
untested—coupled with an arrogant disdain for proven, yet simpler, methods,
and an astonishing readiness to identify experience with backwardness.

Second, within the management community, the dominant ideas clus-
tered around a fundamental preoccupation with control, over both the physi-
cal details and the human activities of production. Here this concern reflected
a traditional philosophy of manufacturing embracing the beliefs that any
intensification of management control translated inevitably into greater effi-
ciency and thus larger profits, and that such increased management control
could best be achieved through such means as detailed division of labor,
simplification of work tasks, and deskilling of workers. The management
concern for control also reflected an ongoing class struggle at the point of
production, the “war at home” in the postwar period. In this context, the
managerial quest for control, which was coupled with a corresponding desire
to reduce the control exercised by workers and their unions, was less a means
to other ends—such as efficiency and profit—than an end in itself: the enlarge-
ment of authority, the securing of positions and prerogatives of power, the
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defense and assertion of managerial decision-making “rights.” And here too
the concern with control manifested itself in a distrust of workers, a devalua-
tion of workers’ knowledge, and dreams of the automatic factory.

Finally, within the military community, the dominant ideas were rooted
in military traditions of command and control. In the postwar period, this
tradition of centralized control of operations became an obsession, fuelled by
paranoia about the “war abroad,” on the one hand, and by new technical
possibilities, on the other. This obsession manifested itself in elaborate and
sophisticated weapons systems and a fetish for centralized computer-based
command-and-control systems and communications networks, as well as in
performance specifications geared to largely untested technical potentials,
without regard to cost, rather than to proven human capabilities. This mili-
tary thrust toward total control indulged technical enthusiasms while it
ratified managerial propensities, and was justified in the name of national
security.

These three sets of complementary ideas reinforced one another and
converged in the postwar period. And this intellectual climate was sustained
and institutionalized by the power of these three communities: that of the
military to subsidize and shape technological development, that of the techni-
cal community to lend scientific sanction and prestige to the chosen course
of development, and that of management to decide how the new technology
would be used and to impose this decision upon the work force. This com-
bined power and these shared ideas gave momentum to numerical control
development. And, in this setting, there were no funds available for R/P
development; potential users and R/P entrepreneurs lacked the economic and
political power to challenge the forces united behind numerical control;
manufacturers were encouraged by government contracting policies to de-
velop their own N/C capabilities; and, of course, labor—viewed alternatively
as the embodiment of anachronistic methods and human error or as class
enemy—was excluded altogether from any participation in technological de-
velopment. In this setting too, record-playback, although a significant techni-
cal achievement and potential industrial advance, could not but appear obso-
lete upon arrival, unsophisticated, incomplete—‘‘unsatisfactory.” Thus,
social power and powerful ideas shaped the technology that became numeri-
cal control. And in the process, they became embedded in that technology,
to be thereafter sanctioned by the myth of inevitable technological progress.



Part Three

A NEW INDUSTRIAL
REVOLUTION: CHANGE
WITHOUT CHANGE

Intelligence in production expands in only one direction,
because it vanishes in many others. What is lost by the detail
labourer is concentrated in the capital that employs them and
the labourer is brought face-to-face with the intellectual
potencies of the material process of production as the property
of another, as a ruling power. . . . The separation of the
intellectual powers of production from the manual labor and the
conversion of these powers into the might of capital over labor,
is . . . finally completed by modern industry erected on the
foundation of machinery. . . . KARL MARYX, Capital, 1

It would be possible to write quite a history of the inventions
made since 1830, for the sole purpose of supplying capital with
weapons against the revolts of the working class.

KARL MARX, Capital, 1






Chapter Eight

Development:

A Free Lunch

Technological revolutions are not the same as social revolutions and are more
likely, in our times, to be the opposite. But the two do have this in common:
they do not simply happen but must be made to happen. The enthusiasms of
the people who drive them must overcome the resistance of reality, that is,
of other people’s reality. Thus, the dreams of those who promoted numerical
control did not translate automatically into any major industrial transfor-
mation. Even given the extensive liaison and information dissemination
programs undertaken by MIT and the Air Force, by 1955, when the N/C
machine project ended, there was still very little happening in what the
academics referred to as the “real world.” “It was assumed [that it was] only
necessary to prove the feasibility of using computers to generate punched
tapes by writing programs to automate this task, demonstrate the complete
new process to the large machine tool users, and a commercial market for
numerical control would be created,” Jack Rosenberg, designer of a later
commercial N/C system (see ECS below) recalled. “But the desired transfer
was not achieved. The work MIT performed for the Air Force between 1952
and 1955 convinced no aerospace company to risk their own funds in the
purchase of a numerical control system, nor could any company foresee any
time when this decision would be changed.”* What little N/C development
activity there was in industry at the time was largely being done, directly or
indirectly, at Air Force expense.

One of the possible reasons why the MIT effort bore so little immediate
fruit was that John Parsons, the manufacturing man who originally had
single-handedly convinced the Air Force and Lockheed of the merits of N/C,
was no longer involved. There were no longer any participants who knew
firsthand the practical requirements of industry and could inspire the confi-
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dence of potential users in the shops. Production managers remained skeptical
of the extravagant claims and impractical-sounding ideas of the innocent
“college boys” from MIT. “From the early days,” William Pease conceded
to Parsons in 1955, “it appeared that acceptance by the buying part of industry
was too slow. Maybe the MIT association was not conducive.”? Ironically,
from the periphery Parsons had tried in vain to commercialize what he still
considered his development, but found it impossible to compete successfully
with the people from MIT.

In the spring of 1952, as the MIT liaison effort had swung into high gear,
Lt. Harrison Price of the Air Materiel Command informed Gordon Brown
about Parsons’s intention to propose to the Air Force that “he be accorded
a contract to package your [sic] development and a selling program among
potential users.” Price assured Brown that “Wright Field intends to give MIT
money for packaging and promulgation of the Digitron idea, [so] it is doubtful
if Headquarters would lend an ear to John Parsons’ idea.” Headquarters
rejected Parsons’s proposal. Thus, Parsons tried to go it alone, on his own
limited resources. The following year, he elaborated a marketing program for
Digitron, “A Program for the Commercialization of Digitron,” which en-
tailed constructing a duplicate of the MIT machine from Servomechanism
Laboratory drawings and specifications, building two identical prototypes to
be operated on a job shop basis within the Parsons Corporation, and develop-
ing a detailed sales strategy and manufacturing plans. Parsons expected to be
selling two hundred control units by 1958, primarily to machine tool builders.
In addition, he envisioned setting up tape preparation and maintenance ser-
vices for system users. All of this came to naught.’

In his effort to manufacture and market numerical control, as well as in
his attempt to obtain and retain control over the patents on the new technol-
ogy, Parsons ran into considerable difficulty, and competition from MIT staff.
According to the original Air Force contract and his agreement with MIT,
Parsons was to receive patent rights to all inventions created under his spon-
sorship and relating to the specified field of research, automatic machine tool
control. From the outset he had requested information from the MIT re-
searchers about possible patentable work and in 1950 had his lawyers draw
up an omnibus patent application. But, with the ever-changing scope of the
project and under mounting pressure within his own company to abandon the
effort, Parsons was compelled to proceed slowly. When he was squeezed out
of the project in 1951, he managed to obtain some modest Air Force support
for patent prosecution (as stipulated in his contract), and he soon redoubled
his efforts. He now had reasons to hurry.

In the summer of 1951, Parsons learned that MIT, in addition to issuing
promotional publicity about the project and welcoming visitors to the Servo
Lab to inspect the machine, had published a report on the N/C project in a
research bulletin. Patent Office rules required that applications be filed within
one year of any such publication and this forced Parsons to move quickly.
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Also, by the fall of 1951, Pease, who was by this time already consulting for
Ultrasonic Corporation, had begun to inquire of Wright Field about the status
of the patent situation. He and his colleagues at MIT for some reason had
assumed that the patent rights on N/C would revert to the government now
that Parsons was out of the picture. They discovered, however, that Parsons
still possessed full rights and that he was actively prosecuting his patent.
Moreover, they learned as well that he was submitting patent applications
covering not only the work done at MIT, which they knew about, but also
work done prior to MIT’s involvement—a “prior Parsons case,” as the Air
Force referred to it. Throughout 1951 and 1952, Pease, Brown, and James
McDonough kept abreast of Parsons’s activities through sympathetic observ-
ers at Wright Field.

Parsons soon began to feel the pressure, which he first assumed was
coming just from the Air Force. “The Wright Field men now realize the
potentialities of Digitron and want to restrict our patents,” he wrote in his
diary in October 1951. The following month he learned of MIT’s interests from
his patent attorney, who had received an inquiry about patent status from
MIT’s patent attorney. “They want to participate in our patents,” Parsons
was told; “we have a big job to keep control” of them, he confided to his diary.
Parsons tried unsuccessfully to prevent MIT from publicizing the project (he
discovered later, for example, that they had given complete specifications to
Giddings and Lewis) while at the same time trying to elicit their cooperation
in putting together his patent applications. He did not find them very helpful.
“We are at a loss fully to explain the poor cooperation by MIT personnel in
preparation of the patent applications,” he noted. “It would appear to be
clearly in their interest to make the patents as broad as possible and yet not
one additional suggestion was made during the past two months, in spite of
the fact that the [Parsons] company issued a purchase order to reimburse
MIT for their time. . . . The lack of cooperation leads us to wonder if the
thought may not be to attempt to cause Parsons to lose all rights to work done
at MIT, thereby throwing the work open to all industry. From a practical
standpoint, this would have the effect of throwing the work into the lap of
the Ultrasonic Corporation.”

After lengthy and difficult negotiations, Parsons and MIT signed an
agreement stipulating how MIT and the individual MIT engineers would be
remunerated for their contributions and their assistance with the patents and
carefully defining the scope of the “field of research” covered by the patents
assigned to Parsons. Parsons conceded to MIT the right to license the inven-
tion after ten years if Parsons had not already met the needs of the market,
the right to applications of the invention outside the field of machine tool
control proper, and 15 percent of all royalties from the two patents, to be
divided equally among the four signers of the second patent application and
MIT (through its patent-holding vehicle, Research Corporation). But, for all
this, Parsons’s concerns about the MIT people remained, and for good reason.
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In August 1952, one month before the official demonstration of the N/C
machine, the Christian Science Monitor ran an article on the new develop-
ment and quoted the MIT engineers: “As soon as potential users have been
acquainted with its possibilities and a firm has been found to manufacture it,
the MIT experts say they will go on to extend the techniques in other direc-
tions and let industry take over the milling machine.” This worried Parsons
because it indicated to him that, although they were fully aware of his plans
to commercialize the technology, the MIT engineers apparently did not take
his efforts seriously. A month later, he understood why. The publicity for the
September demonstration contained no mention whatsoever of Parsons’s con-
tributions or his intentions to commercialize N/C. The September issue of
Scientific American, which contained lengthy articles by Pease and Brown on
control technology and N/C, did, however, include the full-page advertise-
ment for Ultrasonic, Pease and Brown’s company. The advertisement alluded
to the company’s “many years of actual experience in using digital and analog
feed-back control on machine tools” and invited potential customers to con-
tact the company if they were interested in N/C. “Plans can be started as
quickly as you can phone or write us,” read the ad, which was illustrated with
an MIT N/C control tape.

Parsons was understandably preoccupied with Ultrasonic and with
Pease, who was least cooperative in the preparation of the patent applications.
“Some of [Ultrasonic’s] executives are MIT staff who were or are directly
connected with Digitron,” Parsons noted at the time; “William Pease is one
of the inventors named in the second application and is also a vice president
of Ultrasonic.” “This company has advertised on a national basis its readiness
and desire to build equipment which we believe would infringe our patents
if granted. We believe this action on their part is morally improper, particu-
larly in view of our negotiations with Pease.” “We believe the conduct of MIT
personnel has been highly irregular, [and that] they see an opportunity to
exploit Digitron for their own personal benefit . . . through private connec-
tions. It is our conviction that morally they have no right to do this, and that
legally they can be prevented from doing it, but only after the patents issue.”
Parsons followed the progress of Ultrasonic by having his son buy a few
shares of the company’s stock, so that he could receive their reports. As it
turned out, the company’s attempt to exploit N/C was not very successful,
owing to its own financial problems and marketing inexperience.*

Finally, in 1952, after gaining grudging assistance from the MIT engi-
neers, Parsons filed for what became the two basic patents on numerical
control. The first, in the name of Parsons and his engineer Frank Stulen, was
originally entitled “Method of and Apparatus for Controlling a Machine
Tool.” This broad title was changed by the Patent Office to “Motor Con-
trolled Apparatus for Positioning Machine Tool” and the patent was issued
in 1957. The second patent, filed by Parsons in the name of Forrester, Pease,
McDonough, and Susskind, was originally entitled “Control System”; this
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patent was subsequently retitled by the Patent Office ‘“Numerical Control
Servo-System” and issued in 1962. These two patents covered all develop-
ments in both N/C positioning and continuous path systems. Having made
little headway in his efforts to manufacture and market N/C himself, Parsons
turned his attention to patent management. His patent attorney warned him
that he would never be able alone to compel large firms to respect his patent
rights and Parsons found out the hard way that he was right, so he decided
to sell the patents to a firm with sufficient clout to license the industry. In 1955
he succeeded in making such a deal with Bendix Aviation.* In return for
exclusive license to the two basic N/C patents, Bendix paid Parsons $1 million
plus royalties on future sales of licenses—all of which Parsons shared with
Stulen, MIT, the four MIT engineers whose names appeared on the second
patent, and his patent attorneys. Thus, for his pioneering efforts in launching
a revolution in metalworking, Parsons received little more than the retail
price of a few N/C machines.

While Parsons was trying in vain to commercialize N/C, others were
getting into the act. Directly or indirectly supported by the Air Force, Gid-
dings and Lewis, together with General Electric, and Kearney and Trecker,
together with Bendix, were already developing their own systems, with MIT’s
full cooperation. Giddings and Lewis was in the process of developing a
numerically controlled skin mill for Lockheed, in cooperation with General
Electric and MIT, and at Air Force expense. Originally, as we have seen, the
system was intended to be a record-playback—controlled device but, in 1953,
G&L contracted with MIT to develop a digital-to-analog conversion com-
puter, a so-called Director, which could produce the magnetic tape for the
machine controls from numerical data input on punched tape. Once the
prototype Director, the heart of the “Numericord” system, was developed,
G&L requested the MIT personnel to build more of them and eventually
provided the backing to set up some of the MIT Servo Lab group in their own
new company, Concord Controls, for this purpose. The Lockheed skin mill,
meanwhile, was successfully demonstrated for the Air Force in 1955.

The Glenn Martin Company’s interest in numerical control began in
1953, following MIT’s demonstration of the milling machine. Institute person-
nel visited Martin in Baltimore to discuss their project and commercial pos-
sibilities, did some machining of Martin fittings as part of their machine
capabilities evaluation, and acted as a go-between with the Air Force. Later,
MIT helped Martin with its proposal to the Air Force for a production
milling machine modelled upon the MIT equipment and, when it was ap-
proved, served as informal consultants on the company project. Initially,
Martin requested MIT to build its machine but, under pressure from the
“outside activities” committee at the Institute, the Servo Lab had to decline,
in Reintjes’s words, so as to “avoid taking on jobs which can be done equally
well or better by an industrial organization.” Laboratory staff did offer techni-
cal assistance on an informal basis, however, and, more important, MIT
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brought Martin together with Bendix Aviation (where the research and devel-
opment activities along these lines were under the direction of Albert Hall,
previously associate director of the Servo Lab and Pease’s former boss).
Ultimately, with Air Force sponsorship, Bendix and Kearney and Trecker
built the Martin machine, which was the first MIT-type numerical control
system to be used for actual industrial production, beginning in 1957.7

Lockheed and Martin were thus the first aircraft companies to translate
an interest in numerical control into action, although not with their own
money. Most of the other firms in the industry were more hesitant. In early
1954, the Air Force, hoping to overcome this industry “aloofness,” began
actively to solicit proposals for commercial machines, promising to under-
write those projects that the companies deemed too risky for private capital.
In addition to Lockheed and Martin, now Convair, Bridgeport-Lycoming
(AVCO), Kaiser, Northrop, Douglas, and North American Aviation all drew
up proposals too, with ample encouragement and assistance from MIT per-
sonnel. (MIT, for its part, was very interested in demonstrating to the Air
Force the effectiveness of its liaison activities, in the hope of securing con-
tinued Air Force support of the Servo Lab project.) Aircraft industry compa-
nies did eventually manifest real interest in the new technology, rendered
more attractive by the prospect of Air Force support. But the same was not
true so far as machine tool industry firms were concerned.®

Despite MIT efforts to arouse their interest in the technology, the ma-
chine tool builders remained reluctant to invest much time, energy, or money
in developing it further, for commercial purposes. There were several under-
standable reasons for this hesitation. First and foremost, the economic return
on the investment remained uncertain. Also, there was too much electronics
involved for which the machine tool builders were poorly equipped and with
which they had had very little experience. Finally, they were afraid of com-
mitting funds at this early stage of development, since rapid changes promised
to render any systems designed at this point quickly obsolete. Thus, the
machine tool builders decided not to go it alone either, although some, like
Giddings and Lewis (with General Electric) and Kearney and Trecker (with
Bendix), were willing to develop and construct systems to order for aircraft
users like Martin or Lockheed who put their, or, rather, the public’s, money
on the barrelhead first. Thus, when the Air Force finally determined not to
back MIT’s project further, and instead sought to get a private machine
building firm to sponsor a continuation, the effort fell flat. When the MIT
project was terminated in June 1955, there was only a handful of limited
programs under way in the aircraft industry, a number of proposals in pro-
cess, and a machine tool industry with little more than a wait-and-see attitude.
As it turned out, they did not have long to wait.’
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That same summer, Bendix and Kearney and Trecker went public with their
Martin system and Lockheed successfully demonstrated the Numericord
system for the Air Force. Encouraged by these breakthroughs, William M.
Webster of the Air Materiel Command and his fellow numerical control
enthusiasts within the Air Force undertook another approach to commercial-
ize the new technology. During the mobilization for the Korean War and,
before that, for World War II, industrial planners had faced a serious problem
securing a sufficient supply of machine tools, owing in part to the long lead
time required in their production. Thus, after the Korean conflict, to avoid
repeating the experience, the Air Force had decided to “bulk-buy” and stock-
pile long-lead time machine tools, such as large tracer-controlled contour
mills, in a program which became known as the ‘“Machine Tool Moderniza-
tion, Selective Augmentation, and Replacement Program.” The program, it
was hoped, would put industry in a constant state of preparedness and thus
minimize the challenges of a future mobilization effort. In addition, in
Webster’s view, the program, which would account for $60 million of the
AMC budget for fiscal year 1956, “provided a means whereby numerical
control machines could be introduced quickly and effectively into the air-
craft industry.”"®

After the Numericord demonstration, Webster and his colleagues
managed to alter the terms of the program, in particular to change the
specifications for some of the larger machines (especially the newly designed
five-axis universal contour mills) from tracer control to numerical control,
and to make provisions for installing the machinery in the plants of prime
contractors rather than placing them in mothballs until the next mobilization.
They drew up contracts for 63 numerically controlled skin and profile milling
machines and later augmented this procurement with orders for the conver-
sion to full N/C of 42 existing government-owned tracer-controlled machines
then in use in contractor plants. The Air Force procured 105 machines: §
five-axis universal contour mills, 24 three-axis skin mills, and 76 three-axis
profile mills, all with continuous path numerical control. In addition, the Air
Force contracted with MIT for the development of the automatic program-
ming techniques necessary to support this sophisticated equipment. The Air
Force concentrated upon continuous path control, Webster later explained,
because it “was deemed to possess a powerful potentiality in providing a
highly flexible and accurate means for specifying and producing airfoil and
other complex configurations peculiar to aircraft” production. “It was further
believed,” he added, “that the solutions found to the problems associated with
continuous path control would apply equally well to discrete positioning”
systems.!!

In a stroke, the Air Force created a “market” for numerical control and,
in the process, brought public expenditure for this technology to over $62
million (in Rosenberg’s estimate). At the time, of course, there were only
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three systems in existence, and much more development work to be done,
which is what Webster hoped to stimulate through the mechanism of procure-
ment. Webster “knew that these products did not then exist,” Rosenberg
recounted. “Instead of warehousing the numerical control systems he decided
to install them at government expense in the factories of the large Air Force
prime and subcontractors and pay them to learn to use and maintain the
systems. The Air Force offered to fund the entire process of transferring the
technology to industry, a risk no other organization was willing to assume.”'?

The Air Force announced that it would award contracts for the hundred-
plus systems to four machine tool manufacturers who could meet the required
specifications (these were essentially the same as for tracer control, except that
the templates were replaced by tapes). Control system vendors had to sell
their systems both to a machine tool builder and an aircraft company, and
all bidders had to prove the merits of their system by actually cutting a test
part in the presence of Air Force representatives, which would be inspected
at Boeing to check that the specified tolerances had been met. Four systems
successfully passed the test: Giddings and Lewis/General Electric/Concord
Controls; Kearney and Trecker/Bendix; Morey Machine Corporation/Elec-
tronic Control Systems, Inc.; and Cincinnati/Electric and Musical Instru-
ments, Ltd. “When the purchase orders were finally issued,” Karl Wildes
noted, “the machine builders had been apportioned orders in proportion to
their size (previous year’s sales or some such criterion).” Thus, Cincinnati
Milling Machine, the country’s largest machine tool company, received the
lion’s share of orders, with its EMI and later NUMILL controls; Giddings
and Lewis and Kearney and Trecker split most of the rest, with their General
Electric and Bendix controls, and a few remaining orders went to Morey, with
the ECS “Digimatic” controls. Of the control system vendors, General Elec-
tric (and Concord Controls) fared the best, with orders for 55 of the 105
machines.!

Unlike the original liaison activities, this bold Air Force approach soon
achieved the desired result. “As would be expected,” Donald Hunt, the MIT
project historian, observed, ““the introduction of this program had a profound
effect upon the attitudes of the machine tool industry toward numerical
control. Its passivity was transformed into active interest and machine tool
companies quickly acquainted themselves with developments in this area and
attempted to find equipment suitable for application to their machines.” In
addition, “the increase in demand for automatic data processing and machine
tool control equipment over the latter part of 1955 brought about a rapid
augmentation of the research and development work being carried out in the
electrical industry in this area.” The rush was on; numerical control had
finally become the focus of industry attention. The Air Force requirements
that had largely shaped the design process for the new control technology
would now influence its commercial development as well. A once reluctant
and traditionally conservative machine tool industry, eyeing a boom, soon
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threw caution to the wind and gave free rein to its more adventuresome
engineers, and with good reason. From now on, whatever the problems in
production, whatever the cost, the public would pay the bill.**

The four original N/C systems were quite different, reflecting the full
range of possible approaches to the problem of continuous path control.* All
four systems were destined for the plants of the aircraft industry, and for use
on Air Force-related work, and each had its own distinct advantages and
disadvantages as far as prospective users were concerned. But the differences
presented a challenge to the Air Force, with its specifications for uniformity,
compatibility, and interchangeability—the sine qua non of total command
and control. Thus, at the behest of the Air Force and in an effort to meet the
needs of its chief customer, the aircraft industry undertook to standardize the
new technology. The formidable undertaking took several years and involved
the setting of standards for both hardware and software. Ultimately, with
regard to hardware, they settled upon the MIT-Bendix configuration; with
regard to software, they seconded the Air Force’s insistence upon the univer-
sal adoption of APT. In an effort to meet Air Force specifications, therefore,
the industry ended up with perhaps the most complex and expensive ap-
proach to N/C then available.

The Air Force and the aircraft industry were interested in standardiza-
tion for several reasons, according to George E. Kinney, of Hughes Aircraft
and the Aircraft Industries Association N/C Panel. The industry, with its
small batch size, frequent design changes, and need for flexibility and move-
ment of work between machines, was reluctant to accept less interchangeabil-
ity than it already had with conventional machine tools. Moreover, the com-
panies were required by military contracts to subcontract a certain portion
of their work and that required some degree of interchangeability between
companies and vendors, between divisions of companies, and between compa-
nies themselves. And the Air Force demanded machine compatibility for
strategic purposes, to facilitate rapid mobilization, and to be able to shift the
site of production if and when required. The four very different numerical
control systems, however, seemed to defy standardization. “It’s not a problem
of standardization but rather of selecting one system over all others,” John
Dutcher of GE observed in 1957. “When you have four systems that are
different in almost every respect, the only way to get a standard system is to
select one system and eliminate all the others, or at least do this with parts
of systems. I believe the only answer,” Dutcher concluded, ““is for someone,
somehow, to select one of the present systems and make it the standard, or
to write specifications for some entirely different system.” Which is just what
the AIA set out to do.”

The Subcommittee on Numerical Control was organized in 1955 by the
Airframe Manufacturing Equipment Committee of AIA to survey and evalu-

*For a technical description of the systems, see Appendix V.



204 FORCES OF PRODUCTION

ate the systems then under development. Soon the scope of the committee
changed, along with its name (it became the Numerical Control Panel in
1958), to include the preparation of National Aircraft Standards for the nu-
merical control systems and the evaluation of approaches to data processing,
training, and testing for the new technologies. The panel identified four broad
classes of tape-controlled machines, but focused primarily upon Class IV, or
continuous path equipment. Standardization activities centered upon three
aspects of numerical control: the type and format of machine tool control
input medium, the system configuration with respect to the locus of interpola-
tion, and part programming techniques and languages.

First, in the spring of 1957, the subcommittee focused its attention upon
standardizing the magnetic tape which served as the machine control medium
for the General Electric and ECS controls. Since the GE controls were then
most popular, it was assumed that the magnetic tape would be an integral part
of any standard system. But several panel members pushed also for a punched
tape medium, such as that used with the Bendix (and MIT) system, “which
would be based on interpolator equipment being located at the machine tool
itself.” During the following year, the emphasis shifted decidedly from mag-
netic tape to punched tape. James McDonough, now president of Concord
Controls, the firm that manufactured the Numericord Directors that pro-
duced the magnetic tape for the GE controls, argued that the magnetic tape
intermediary was not a necessary part of any system, technically speaking; it
just allowed for remote interpolation and was thus “merely a convenience and
an economic means of accomplishing the purpose.” Eliminating the magnetic
tape, however inconvenient or uneconomic, McDonough implied, was neither
impossible nor even very difficult.

By the spring of 1959, the panel had swung all the way to the other side
of the issue; the focus was now entirely on punched tape. “The absence of any
mention of magnetic tape was noted and thoroughly discussed,” the panel
minutes recorded, and there seemed to be four valid reasons for its omission.
First, there were only two vendors using magnetic tape (GE/ECS) and these
were entirely incompatible (carrying analog and digital signals, respectively).
Second, magnetic tape was not an inherent feature of the systems but merely
a device for placing the interpolator remotely from the machine tool. Third,
at least one of these vendors, GE, was now offering a compatible punched tape
system. And, fourth, some member companies had complained about mag-
netic tape, arguing that it was more expensive and more difficult to handle
in the shop environment, was more sensitive to dirt, aging, and mishandling
and that tape verification was difficult since it was impossible to actually see
the code. No mention was made of the fact that it was erasable and thus
reusable, that it was a denser medium and could thus store fully interpolated
data, or that it could be read at higher speeds, feeding control information
more quickly to the machine tool. Thus, magnetic tape was eliminated from
the standard numerical control system, and with it went the original ECS
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system along with the GE control. Rosenberg, the designer of the ECS
system, recalled that the “Air Force accepted the advice of users and pre-
scribed the use of a one-inch, eight-level paper tape data input. This was
chosen mainly because it was the only storage medium the manufacturing
engineers could see, understand, and had confidence in.” In eliminating mag-
netic tape, the N/C Panel did indicate a willingness to reconsider but only
“if the magnetic tape systems are substantially improved in their reliability.”
According to the minutes, “it was pointed out that lack of a standard does
not keep vendors from improving and offering magnetic tape systems, nor
aircraft companies from buying them,” but “the burden of proof will be on
the vendors to show that remote interpolation is a desirable feature of their
system.” The vendors, of course, were not willing to assume any such burden
once the decision had been made on an industry standard. Instead, they
switched to punched tape in order to cash in on the government-created
market.!

The punched tape standard did not mean complete machine system
interchangeability, but simply common tape punching, reading, reproducing,
and verifying equipment. Here too, though, there was debate about the
method of coding and preparing the punched tape. The N/C Panel opted
initially for an approach “similar in philosophy to the Bendix Aviation ap-
proach” but critics from the Electrical Industries Association charged that
this was discriminatory. Not only would it entail a premature closure of
development, but, more important, it would settle upon a tape format that
could only be prepared by computer, rather than manually on a Flexowriter,
and which could not “be conveniently read by humans.” The N/C Panel held
firm. “It was pointed out,” the panel minutes recorded, “that normally any
standardization hurts someone initially but that the ultimate benefits of stand-
ardization far outweigh the objections of those who chose a different path in
the beginning.” “The existence of standards,” the panel insisted, “gives direc-
tion to future machine design, helps the Air Materiel Command in bulk
purchasing, aids compatibility, provides a checklist for any in-plant specifica-
tions and (hopefully) will eventually reduce both procurement and operating
costs in the plant.” The users of continuous path controlled machine tools
were now locked into the computer-generated punched paper tape medium. "

Related to the medium standard was the matter of the site of interpola-
tion. Magnetic tape made possible the storage of fully interpolated data and
thus meant that interpolation could be performed remotely from the machine
tool itself (as was done with the Giddings and Lewis/GE Numericord sys-
tem). Remote interpolation reduced the amount of computing equipment
required at the machine and, with it, the cost of the machine control and the
inevitable maintenance problems caused by harsh shop conditions. The Direc-
tor, or Interpolator, the most complex part of a numerical control system,
could be situated in an air-conditioned and clean environment and could be
used to make tapes for many machines.'®
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The N/C Panel, with its preference for punched paper tape (which could
not accommodate fully interpolated data), seemed to be wedded to the MIT
“philosophy” and the Bendix system in particular, which was “highly
thought of by the subcommittee.” In the spring of 1957, it conducted a study
of the economics of interpolation and, while acknowledging the many advan-
tages of remote interpolation and the “general assumption that off-line inter-
polation is preferable,” argued that the Bendix approach, with interpolation
at the machine, was better. The subcommittee found that, for a small number
of machines, the on-line Interpolator was more economical (the cost-effective-
ness of the off-line Director was dependent, the committee determined, upon
the number of machines for which tapes were being made), that the Bendix
approach required less labor both on the shop floor and in the office, and that
the system used punched paper tape exclusively, which was preferable to
magnetic tape. The subcommittee did acknowledge that maintenance require-
ments would probably be higher for an Interpolator located at the machine,
on the shop floor, but noted with assurance (and rather over-optimistically)
that “Bendix indicates that it is negligible for their machine control unit.” In
the end, the panel decided upon a standard requiring interpolation at the
machine, as well as punched tape input. Predictably, the new continuous path
systems displayed at the 1960 Machine Tool Exposition in Chicago, many
equipped with new GE digital controls, bore a striking resemblance to the
Bendix system, while Bendix itself, with its exclusive license to the two
numerical control patents, had come to dominate the market."’

To be effective, hardware standardization had to be coupled with stand-
ardization of software. The four original systems were not only different in
design, they also differed, as a result, in the way they were programmed.
According to Rosenberg, each machine system had a “personality,” with
which a programmer had to become intimately familiar in order to program
it properly. Before the MIT APT programming system was developed, and
while they were experimenting with their first machines and awaiting ship-
ment of others, the aircraft companies developed their own particular meth-
ods of part programming and libraries of those subroutines most suited to
their own individual purposes. Douglas Ross, the creator of APT, estimated
that there were over forty different part programming languages in use before
APT came along. The AIA, in its effort to standardize N/C design and use,
initiated the APT Joint Effort to overcome this apparent Babel.

“At the time of the initial meetings,” Ross later wrote, “‘the large number
of different types of machine tools and directors in existence, or soon to be
delivered, made standardization at the machine tool director language level
seem unreliable.” However, since the all-embracing APT concept specifically
included provisions for preparing, through appropriate ‘“post-processing,”
output in any particular director language code, ‘it appeared that, if an
industry-wide APT system could be agreed upon, the system could produce
control tapes for any one of the many machine tool systems.” Thus, the AIA
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undertook to develop as a standard a universal language for numerical con-
trol, focusing upon the first step in programming, the preparation of a stan-
dard tape from the original data manuscript.* The APT Joint Effort, accord-
ing to Ross “the world’s first major cooperative programming venture,
combining government, university, and industry, with the Air Force sponsor-
ing MIT leadership of a fourteen-company team effort,” entailed pooling the
computer and computer-programming resources of the industry to develop
a single system, coded for the IBM 704 (since all of the companies participat-
ing had access to this large computer). The joint effort aimed, under AIA
auspices, at “providing complete interchangeable data processing informa-
tion” for numerical control, and eventually required roughly ten to fifteen
man-years of cooperative labor, among nineteen firms. As we have seen, APT
was designed to support the greatest possible machine tool capabilities, such
as five-axis contour milling. “It is believed,” the APT participants from
Douglas Aircraft noted, “that machines having five or more simultaneous
motions per spindle will have very wide application in the near future. This
will require full sophistication that at present we believe only the APT system
of programs are capable of development for on an economical basis.” “The
objective of the APT Joint Effort,” Ross emphasized, is “to produce a univer-
sal automatic programming system to fully exploit the potentialities of
numerically controlled machine tools.””*

At the start of the joint effort, the aircraft firms were less than enthusias-
tic. In March 1957, for example, Ross gave an initial presentation of the APT
system to the Subcommittee on Numerical Control and industry guests. Don
Clements, Ross’s colleague, observed at the time that “since the MIT ap-
proach to programming for N/C represents a departure from present-day
practice, there seemed to be a feeling among members of the group that
implementation of these techniques was a problem for the future and that a
subroutine library should be constructed first.” Ross recalled that Boeing,
among others, was sold on the subroutine library approach it had developed
and that the group as a whole “were somehow afraid of the system approach,”
fearing it would be “more difficult.” But, after conducting a special week-long
course at MIT for the firm representatives on the virtues of the APT system
approach, Ross and his colleagues prevailed and the joint effort began in
earnest.”

After coordinating the effort through the difficult first phase, MIT
bowed out (“MIT does not feel competent to develop the practical applica-
tion of this system,” the AIA explained), and the industry took over. How-
ever, the companies still looked to the Air Force for financial support. The
AIA came “to the conclusion that a major aircraft company now active in

*This became the standard “CL (Cutter Location) Tape,” the general APT output which was then
converted by postprocessors, created by machine control system manufacturers, to machine control
tapes for each specific system.
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APT should be funded by AMC to develop and coordinate APT to the
ultimate of its philosophy.” “The general feeling,” the AIA indicated, “was
that, since highly trained mathematicians would have to work full-time on
the project and since there would be the additional expenses of operating
the computers and other IBM equipment as well as machine tool tests, raw
material, cutters, tape, IBM cards, etc., that it would not be practical to
attempt continuation on a voluntary ‘shoe-string’ basis.” The AMC was
“amenable,” and the joint effort continued, under the coordinating supervi-
sion of O. Dale Smith and his colleagues at North American Aviation, with
Air Force funding. The total APT program took four years to develop and
debug the APT system. “For that time,” Rosenberg wrote later, ‘it was the
largest software package ever used by industry.” He estimated that it took
$33 million of public and private funds to create APT (and probably “twice
that™), including the expenditures of the computer firms themselves—IBM,
UNIVAC, Control Data, and GE—who were compelled to develop their
own APT system counterparts, for their particular equipment, in order to
stay in the numerical control business.?

In 1959 APT designer Douglas Ross reflected philosophically upon the
central role of the program designer. “Man is programmed by the language
we design for him to use,” he noted, “‘since the only way he can get the system
to perform is to express his wishes in the specified language form.” For the
initial users of APT, this was precisely the problem. “The early versions had
many bugs,” Rosenberg recalled, “and part programmers resisted the change-
over from a simple, familiar program to a complex, unfamiliar, unproven
program, and APT did not always provide the function included in its pre-
decessors.” (“With a general language,” one student of part programming
languages opined, “you lose the ability to do some things you could do with
special in-house languages suited to particular needs; you lose something
when you go general.”) Ross himself conceded that parts of the APT system
proved “erratic and unreliable,” and that users, unlike the theoretically
minded MIT designers, had to confront the “tremendous turmoil of prac-
ticalities” which APT brought upon them. Despite these difficulties, APT
became, as the president of McDonnell Douglas Automation later put it, “the
bible.” “Since higher management in the plants believed it necessary to learn
how to use productively a software system already defined as the industry
standard for business reasons,” Rosenberg later explained, “the change to the
exclusive use of APT was enforced.” “Between 1961 and 1966, APT runs
accounted for over 30 percent of the load on the 7090 and 7094 [IBM]
computers installed in aircraft plants, by far the biggest single users of these
machines.”?

The standardization on APT for continuous path numerically controlled
machine tools did represent a significant step forward toward the Air Force
objectives of interchangeability of data and ultimate N/C capability (five-axis
control), but not without cost. First, computer manufacturers were now
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compelled to develop compatible software for their systems, and machine tool
control manufacturers oftentimes had to create elaborate postprocessors to
adapt their machine systems to APT. Second, the APT Joint Effort, which
was shifted ultimately to Illinois Institute of Technology Research Institute
(IITRI), remained de facto restricted, the reports of the latest APT develop-
ment going exclusively to the participating companies and becoming in effect
proprietary information, used to commercial advantage.

Officially the joint effort was “open to all organizations with a firm
interest in numerical control,” and, indeed, in June 1957 the AIA APT II
System was renamed 2D-APT II System “because the old name suggested
that the system would be the exclusive property of AIA and caused some
misunderstanding.” But, in practice, it was restricted. When D. E. Nuttall of
the Ferranti electronics company requested the lecture notes from the MIT
special aircraft industry course on APT, for example, he was turned down on
the grounds that “the course was intended for this limited group,” and thus,
“the notes are not available for any further distribution.” A year later, MIT
denied another request for APT information, this time from Allan Beck of
Alwac Corporation. “The only frank answer that I can make,” Donald Cle-
ments wrote Beck, “is that it is not available.” Later, after the joint effort was
shifted to IITRI, it remained restricted in practice. The program was limited
to aircraft companies (among them, Boeing, Lockheed, Convair, Chance
Vought, Douglas, Bell, Martin, McDonnell, North American Aviation,
Northrop, Republic, and United Aircraft) and “qualified non-AIA mem-
bers,” those who could pay the large fee required of consortium participants
and who had “access to a suitable computer.” These non-AIA members were
limited to large firms such as General Motors, Goodyear, IBM, and Union
Carbide. Only consortium members were kept abreast of APT development,
and they tended to keep the information under wraps once they got it. Within
their plants, access to manuals was restricted to authorized personnel, pro-
grammers themselves had to sign them out, and they could not be taken out
of the plant or copied. Access to the APT development program became
especially important for commercial reasons once the Air Force and other
governmental agencies began routinely to specify the latest APT capability
as a precondition for the receipt of government contracts.

In addition to the de facto restricted access to APT, the standardization
on APT tended to inhibit the development and use of other programming
languages and tape preparation methods. This tendency manifested itself
quite early during APT development. In March 1958, for example, the AIA
Subcommittee on Numerical Control was shown a part machined from a
program prepared with an Alwac computer, using basic algebraic formulas
for describing the surface. Upon inspection, Boeing and Northrop representa-
tives agreed “that the part was ‘well within the ballpark’ ”” of Air Force
specifications, and, in general, “the SNC felt that the programming approach
was very advanced and deserving of further investigation.” The Alwac ap-
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proach was examined more closely and found to have “two very real advan-
tages.” First, “because Alwac is useful on the smaller computers, it may have
economic advantages to the smaller companies or to manufacturing depart-
ments who hope to obtain their own computer for numerical control pur-
poses.” Second, “the Alwac system has some technical part programming
advantages not now enjoyed by APT.” The AIA report recommended that
“financial support be given to Alwac to further its development.” (Until now,
the Alwac company had funded its own system development, without access
to information from MIT about APT.)

This AIA report soon ran into opposition. Some members warned about
the likelihood that “any company who had an idea but no money would come
to us for help.” After some discussion, the recommendation was changed;
instead of urging support of the Alwac system, or any other proprietary
system, it was now suggested that the AIA “urge AMC to financially support
the development of N/C programs for the small- and medium-size computers
without reference to any specific computer or vendor.” Thus, unlike APT,
which was developed at Air Force expense to the direct advantage of IBM
and other large computer manufacturers as well as the major large N/C users
in the aircraft industry, Alwac was thrown back upon its own limited re-
sources. The Air Force did little to foster the development of such systems,
since its needs were already being met by APT. As a consequence, the less-
endowed users of numerical control were denied the full development of, and
ready access to, a programming system suited to their needs, and were com-
pelled somehow to adapt themselves to APT. This would not be easy. Indeed,
the APT designers themselves acknowledged that “the system will have a
disruptive effect eventually on machine shops, unless they are able to benefit
from the automatic process through service centers supplying the punched
tape to them.”*

In February 1959, the completion of the APT II phase of the system was
announced at a public demonstration and press conference held at MIT and
sponsored jointly by the Institute, the AIA, and the Air Force. In their public
pronouncements, APT system enthusiasts reflected the Cold War mentality
that now pervaded the technical community. “Now I believe we are far ahead
of the Russians,” MIT’s Jerome Wenker declared triumphantly. And Lt.
Gen. Clarence S. Irvine, Air Force Deputy Chief of Staff for Materiel, found
the system “perfectly wonderful” for another reason. “APT will do away with
the services of many technicians and machinists,” he observed, adding cheer-
fully that it “will create other work for persons whose jobs will be done by
the giant brains.” APT system inventor Douglas Ross agreed, and looked
forward to future N/C developments. ‘“The project is now examining the total
manufacturing process,” he wrote some months later. “Early conclusions are
that it is technically feasible to continue the application of automatic data
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processing so as to include much, if not all, of the manual designs, drafting,
and part programming process. . . . Thus, a new goal for numerical control
manufacturing is to go directly from part specifications to completed parts
with the aid of automatic data processing techniques.” In the eyes of this
technical enthusiast, the automatic factory seemed just around the corner.”



Chapter Nine

Diffusion:

A Glimpse of Reality

“The social and economic consequences of technological changes are a func-
tion of the rate of their diffusion and not the date of their first use,” economic
historian Nathan Rosenberg observed. “The critical social process requiring
examination is that of diffusion.”! While some dreamers like Douglas Ross
confidently fixed their sights upon the technical possibilities for the automatic
factory—the ultimate goal of the second Industrial Revolution—most N/C
enthusiasts at the end of the 1950s merely waited expectantly, and impatiently,
for that revolution to begin. It was long in coming, far longer than they had
anticipated.

William Stocker, the editor of the American Machinist who conducted
the first serious commercial survey of N/C, declared with confidence in 1957
that “there are no known or anticipated problems of sufficient magnitude to
in any way place in jeopardy or delay wide-scale application of the concept
of numerical control to machine tools.” The following year, in an article
entitled “The Coming Revolution in Machine Tools,” Dun’s Review boldly
predicted that N/C would comprise fully half of all machine tools manufac-
tured by 1963. Business Week projected in 1959 that the new technology
“should become increasingly attractive to industry,” since, “on the job, auto-
matic tools prove virtuosos.” Inspired by the 1960 National Machine Tool
Exposition in Chicago, where some forty manufacturers displayed nearly one
hundred variations on the N/C theme,* G. S. Knopf, manager of the Indus-
trial Controls Section of Bendix, identified “a definite and positive trend
toward the increased use of both positioning and contouring control sys-

*Including Kearney and Trecker’s famous Milwaukee-Matic machining center, equipped with the
first automatic tool changer (designed by Wallace Brainerd).
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tems.” “During the next few years,” he observed, “it is predicted that sales
of numerical control systems will increase at a rate of fifty percent per year.”
Harold A. Strickland, Jr., General Electric vice president and manager of the
Industrial Electronics Division that produced the GE N/C controls, also
waxed eloquent about “the inevitability of automation.” Willard F. Rockwell,
chairman of North American Rockwell Corporation, linked numerical con-
trol with nuclear power and space flight, as the “third great development of
our generation,” and George W. Younkin of Giddings and Lewis urged all
to “wake up and be advised that we have been in, and are in, a Second
Industrial Revolution.’”

These great expectations proved premature. As late as 1973, nearly a
quarter-century after N/C development began, the American Machinist “In-
ventory of Metalworking Equipment” still indicated that, of all machine tools
in use, less than 1 percent were numerically controlled (representing perhaps
“several percent of overall capacity’’) even though there had been a doubling
of their number since 1968, and a ten-fold increase since 1963 (the year,
according to Jack Rosenberg of ECS, in which the aircraft industry began to
make its first large commitment of private capital to the new technology). In
his 1977 National Science Foundation—funded study of the diffusion of numer-
ical control, for the Eikonix Corporation, S. Kurlat acknowledged that “the
diffusion has been slow.””*

Predictably, numerical control use was concentrated in such state-subsi-
dized industries as aircraft,* aircraft engines, and parts, and in the machine
tool industry itself (where use was more for the purpose of promotion than
for production). “Most of the existing numerical control machines [were]
installed in larger plants.” In 1973, shops employing fewer than one hundred
employees, which constituted 83 percent of the metalworking industry, owned
only 22 percent of existing numerically controlled equipment and these ma-
chines were restricted to relatively few shops. Hearings of the Small Business
Administration in 1971 revealed that 95 percent of small businesses did not
own a single numerical control machine tool, despite the fact that the technol-
ogy was touted as ideal for small-batch job shop production. “Within the next
five years the small tool and die shop can’t afford to be without numerical
control,” Carl W. Haydl of TRW had noted over a decade earlier. But they
could not afford to be with it either.*

There were by this time two general types of numerical control: continu-
ous path contouring systems and point-to-point positioning systems. The
former, which followed the MIT design, were used primarily by the aerospace
industry, at Air Force expense. As early as the late 1950s, GE’s John Dutcher
observed, the Air Force had ‘“fairly well saturated the market” for this

*And, as A. Curtis Daniell of Technical Programming Associates observed in 1971, “The aerospace
industry represents only 10 percent of the metal-removal requirements of U.S. industry. . . . N/C has
only scratched the surface of the metal-removal market.”
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elaborate type of equipment. Of the roughly five thousand continuous path
machines in existence in 1971, well over 9o percent of them were in the aircraft
and related firms. Point-to-point positioning machines, the type of numerical
control first conceived by John Parsons, Frederick Cunningham, F. P.
Caruthers, and A. G. Thomas, among others, finally became commercially
available in the 1960s, after a decade of emphasis upon continuous process
technology. Cheaper, simpler to operate, maintain, and program, the posi-
tioning systems were designed for drilling, boring, punching, as well as
straight-cut milling (as envisioned by Parsons and Thomas), step-turning (as
anticipated by Cunningham), and even contouring (as foreseen by Caruthers
and Parsons). Early positioning system manufacturers included GE (whose
systems were equipped with an IBM card reader along the lines of Parsons’s
original concept), Jones and Lamson (which collaborated unsuccessfully with
the MIT engineers at Ultrasonic before adopting the Specialmatic positioning
control system), Cincinnati, Pratt and Whitney, Potter and Johnson, Warner
and Swasey, Kearney and Trecker, Burgmaster, ECS, and Hillyer (whose
positioning machine even John Parsons himself could later afford to own).
These systems, according to a 1959 Business Week article, were able to “cope
with most machining jobs that require some combination of circular or
straight-line cutting,” and “control makers estimate that point-to-point sys-
tems will account for 8o to 9o percent of [N/C] unit sales.” “As a matter of
fact,” Ralph Cross, president of the Cross Machine Tool Company, observed
in 1957, “most of the metalworking operations performed today are accom-
plished with machines that have straight-line simple movements. Thus, N/C
machines for go percent of industry’s requirements will be relatively simple
and the cost will not be excessive.” “We look for a very much wider spread
of numerical positioning control than of numerical contouring control,” GE’s
John Dutcher observed that same year, and he was right. ECS’s Jack Rosen-
berg found later that “because of the much lower cost, point-to-point sales
were roughly ten times as great as continuous path sales” throughout the
1960s, despite the fact that, as Dutcher had noted, ‘“numerical positioning
control has had no Air Force program to get it started.” The belated shift to
simpler positioning systems is illustrated by the experience of Bendix, one of
the first major producers of continuous path control machinery.’

The Bendix system was based upon the MIT design for N/C and re-
flected the special needs of the military and the aerospace industry. Bendix
machines were thus highly sophisticated and expensive pieces of equipment,
accessible to few but the subsidized. The shift toward simpler positioning
systems reflected the need to find new markets once the aerospace industry
had become saturated. It was also in part the result of the fact that F. P.
Caruthers, designer of the Specialmatic, had become the engineering manager
of the Industrial Controls Division at Bendix. In Caruthers’s view, ‘“the
contouring systems were nightmares to everyone from manufacturing to
management and, in particular, to the poor maintenance man.” In opposition
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to the trend fostered by military-sponsored development, Caruthers had con-
tinued to stress simplicity, economy, and shop floor and operator control.
This meant an emphasis upon manual overrides, shop floor programming,
and also point-to-point positioning systems. “The reliability of these early
[N/C] systems was often excellent when used in a point-to-point mode,” he
later recalled. Moreover, like Ralph Cross, he insisted that, in the hands of
skilled production people, such two-axis control systems could be used to do
the vast majority of machining jobs—including most contouring—leaving
aside only those special military applications which constitute a tiny fraction
of metalworking manufacturing.

Bendix turned to positioning control in the mid-sixties only after con-
ducting “the most extensive [market] research” the company had ever at-
tempted. The research indicated clearly that the positioning control market
constituted the biggest growth area. Up to this point, Bendix had failed to
penetrate this market and, even when it had tried, according to a Steel
magazine report, “a poor performance in these less sophisticated segments of
the N/C market led to speculation [that] Bendix would abandon them.”
Bendix executives conceded that the company had been heavily ‘“aerospace
oriented” and that “past stabs at the positioning market [had] suffered be-
cause engineering and marketing management [had] been preoccupied with
contouring controls geared to that industry.” In other words, the orientation
engendered by the military and the aerospace industry ultimately handi-
capped Bendix when it came to producing and selling equipment to the
commercial metalworking market. “Basically, we were taking a hardware
rather than a market approach,” Bendix Industrial Control Division general
manager I. C. Maust acknowledged. Up to that time, the Bendix system had
been “a research tool we tried to produce” and was not geared to the market.
Because it “was not designed for producability [sic],” Russell Hedden, Bendix
vice president acknowledged, “it wasn’t successful costwise.” In 1965, there-
fore, Bendix attempted belatedly to reorient itself for the commercial market.
The company established a separate program for positioning control develop-
ment which was totally independent of, and hence uninfluenced by, the
parallel military and aerospace-oriented continuous path control program.
With Caruthers at the helm, and with an emphasis upon shop floor practical-
ity, economy, and operator control (through overrides for all machine func-
tions), Bendix ultimately produced the commercially successful Dynapoint
two-axis control numerical control system, accessible to the metalworking
industry as a whole as well as to those who actually worked metal. By this
time, however, the anticipated diffusion of numerical control technology—of
the second industrial revolution in metalworking—had been retarded subs-
tantially by the earlier extravagance of military-sponsored development.

There are many factors that influence the rate of diffusion of new tech-
nologies, and many of these lie beyond the range of explanations based solely
upon automatic market forces. General economic conditions, the intensity of
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competition, the business climate within affected industries, government poli-
cies with regard to tax incentives and depreciation allowances on capital
equipment, and, of course, the relative expense of capital as compared to labor
are all important. But such “bottom-line”” explanations for complex historical
developments are never in themselves sufficient, nor necessarily to be trusted.
Especially in the case of radically new, and thus untested, technologies like
N/C, other factors invariably drive or constrain diffusion, factors which are
typically ignored or dismissed in conventional explanations of so-called ration-
al economic behavior. If a company wants to introduce something new, it
must normally justify the purchase of the new equipment in terms of es-
timated cost-effectiveness and profit-maximization. But this does not mean
that these were the real (or the only) motives or that expectations were
fulfilled. Economic justifications rarely reflect the human realities of produc-
tion—and they are notoriously difficult to make “objectively.” N/C was no
exception. “There is no absolute method for predicting all costs associated
with an N/C installation,” the government’s General Accounting Office in-
vestigators found in 1975. While estimating that, with N/C, “such costs exist
and they are high,” the analysts acknowledged that “these costs vary widely
and depend on many circumstances, such as the type and size of the machine,
part programming practices, and maintenance services.”’

Acquisition costs, installation, training, part programming, computer
support, special tooling, postprocessors, maintenance and repair parts, in-
spection equipment—all enter into the calculation, often in ways that defy
analysis and simple reduction to a standard “overhead factor.” The routine
practice of figuring in overhead as a fixed percentage of direct labor costs,
according to Harold A. Strickland, Jr., of GE, ‘“has no significance in many
highly automated operations.” This sentiment was shared by GAO account-
ants, who pointed out that “most justifications use the standard shop labor
rate which includes both direct and indirect labor.” But “‘since indirect labor
includes nonvariable overhead items, it is likely that actual labor savings from
N/C are not as great as the rate used.” This is of particular importance
because “direct labor is usually the largest single savings mentioned in justifi-
cations for N/C machines. Labor-savings from N/C machines are calculated
on the basis of equivalent machine-hours on conventional machines, a pro-
ductivity increase for N/C machines, and a shop labor rate.” “Since these
factors are often unsupported and can be easily adjusted to result in a favor-
able justification, actual savings may not be as estimated.” As R. J. Griffin,
Jr., acting deputy director, Office of Audit and Inspection of the Energy
Research and Development Administration, pointed out in response to the
GAO study in 1975, there does not yet exist “a meaningful, quantitative
method of determining productivity for any given piece of industrial plant
equipment.” “The economic feasibility [of N/C] in many applications has not
been proven,” GE’s Strickland acknowledged, concluding that “our technical
ability to automate exceeds our ability to prove economic feasibility.”’
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It is only in the reductionist fantasies of economists that decisions about
new technologies are made strictly on the basis of hard-boiled, no-nonsense
evaluations and refined analytical procedures for estimating their cost-effec-
tiveness. This is not to say that profit-making is not a motive; it is. But a purely
economic analysis of human behavior, although sometimes a useful guide to
historical understanding, is no substitute for it. In reality, which is considera-
bly less tidy than any economic model, such decisions are more often than
not grounded upon hunches, faith, ego, delight, and deals. What economic
information there is to go by, however abundant, remains vague and suspect.*
“Have you wondered why more actual case histories haven’t been detailed?”
Tooling and Production magazine asked its metalworking industry readers in
1960. “Gentlemen, in some cases, savings have been so spectacular that publi-
cation of all the facts would have been an invitation to renegotiation [with
labor unions]. Can you any longer ignore and postpone action on this kind
of potential?”*®

In the absence of reliable economic information about, or clear-cut expe-
rience with, numerical control, managers and production engineers in the
metalworking industry were moved by faith, prejudice, fear, and dreams, and
these, in turn, drove the N/C revolution forward. On the whole, these people
believed that it was always good to replace labor with capital (even in cases
where relative factor price analysis favored labor)t and that “technological

*Not only does this handicap the potential purchaser of new equipment, it also plagues the indepen-
dent investigator who is trying objectively to assess the economic viability of a new technology.
Reliable data is simply unavailable or inaccessible. Whatever the motivation for introducing the
equipment, the purchase must routinely be justified in economic terms. But justifications are most
often made by people who want to make the purchase, and if the item is desired enough by the right
people, the justification will, in the end, reflect their interest. Since post-audits are rarely made, and
when made usually are so designed as to ratify previous decisions, there is little hard data with which
to assess the correctness of the purchase justification after the fact. Moreover, companies have a
proprietary interest in the information which they do keep, and are wary about disclosing it for fear
of revealing (and thus jeopardizing) their position vis-a-vis labor unions (wages), competitors (prices),
and government (regulations and taxes). And the data is not all neatly tabulated and in a drawer
somewhere. It is distributed among departments, with separate budgets, and the costs to one are the
hidden costs to the others. In addition, there is every reason to believe that the data that does exist
is self-serving information provided by each operating unit to insulate it from criticism and enhance
its position within the firm. Finally, economic viability means different things to different people.
Sometimes, machines make money for a company whether they increase productivity or not (or even
whether they are used or not—as in the case of tax write-off's).

tEconomist Michael Piore, in an important article (based upon a survey of eighteen plants and eleven
corporate headquarters) entitled “The Impact of the Labor Market Upon the Design and Selection
of Productive Techniques Within the Manufacturing Plant,” noted “a bias against labor-intensive
techniques” among manufacturing engineers. “Virtually without exception,” Piore reported, “the
engineers distrusted hourly labor and admitted a tendency to substitute capital whenever they had
discretion to do so. As one engineer explained, ‘if the cost comparison favored labor but we were close,
I would mechanize anyway.” Piore also noted that customers complained that “vendors’ recommen-
dations invariably underestimated labor requirements. One vendor admitted that this was probably
the case, explaining that the manning schedules were based on ideal engineering standards.” Such
standards themselves, of course, reflect the biases of engineers.’
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progress” would inevitably yield economic rewards. This ideology was cou-
pled with a fascination with automation, a fear of falling behind the competi-
tion, a desire to extend professional and managerial authority, and a basic
distrust of workers, and all were fuelled by the promotional thrust of N/C
system vendors, trade journals, technical entrepreneurs, and the military.

Vendors sold the new technology as a panacea, glossing over the difficul-
ties and failures with adroit advertising and hard selling, and the trade jour-
nals, ever dependent upon advertising revenues, echoed their sales pitch.
Hyperbole, testimonials, case histories of alleged success stories—such was
the stock-in-trade of the industry press, usually the last to raise any questions
about or to conduct any serious evaluation of vendor claims. “Savings of 50
to 9o percent on production with numerical control tools,” Business Week
proclaimed, plus “spectacular reductions in indirect manufacturing costs.”
Tooling and Production ran educational articles on the subject, to acquaint
readers with “the future”: “Mr. Production Man, Meet the Computer”;
“Which Door to Tape Control?”’ (‘“All Paths Lead to Tape™); “Job Shop
Specializes in Tape Control.” In 1959, that journal instituted a special depart-
ment for “Numerical Control News,” to help readers ‘“keep posted on N/C.”
American Machinist did its part in the promotional effort, highlighting the
advances made by numerical control in each annual inventory of metalwork-
ing machinery. “The alleged complexity of these systems has received too
much emphasis,” the magazine’s editor insisted, amidst growing skepticism
about vendor claims. “In reality, these systems are relatively simple, if han-
dled with proper knowledge.” The magazines, and through them the vendors,
also capitalized upon the anxieties of independent shop owners and managers
struggling to keep ahead of or at least even with the competition, and abreast
of new developments that might threaten their perpetually insecure position
(or enhance their status among peers, and bolster a progressive self-image).
“The important thing to bear in mind relative to the production efficiencies
and cost reducing capabilities of N/C is this,” the Tooling and Production
editor pointed out cryptically, ‘“whatever N/C can do for you, it can (and
will) do just as well for your competition.” “The problems are not so great
that you cannot work them out as you go,” Harry Ankeney of Giddings and
Lewis lectured in his Tooling and Production “Talk of the Month,” so “what-
ever it takes, get into numerical control and get in fast.” Tomorrow might
be too late.

The promotion of the trade press was echoed and seconded by the
enthusiasts within the companies themselves, the technical graduates who
jockeyed for purchasing power within the managerial hierarchies. New tech-
nologies would bring them more status and leverage and, equally important,
would allow them to indulge their professional infatuation with state-of-the-
art gadgetry. “The migration of many highly skilled N/C personnel from the
aerospace industry will act as a catalyst to sell the merits of N/C to other
industries,” A. Curtis Daniell, vice president of Technical Programming
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Associates, pointed out.!! The many graduates of MIT who participated
in the decade-long Servo Lab numerical control project found their way
into industrial companies and became ardent in-house advocates of the new
technology, however innocent about the realities of production. The Air
Force, moreover, preached a gospel of automation and more automation,
eager to reap the expected benefits of its considerable investment in the new
technology.

In the mid-1960s, the Air Force produced a promotional film on numeri-
cal control, to push the use of the newer technologies within industry. Entitled
Modern Manufacturing: A Command Performance, the film was targeted at
top managers in the metalworking firms. A technocratic version of Charles
Chaplin’s Modern Times, it opens with a dream sequence of a manager seated
at his oak desk. The manager idly sketches a new part, then abruptly leans
over and barks the part specifications into a desk microphone: “Orders to the
plant!” The verbal commands are automatically translated into computer
commands and from that point on all manufacturing, assembling, and ship-
ping processes are automatic, requiring no human intervention—the auto-
matic factory. The film concentrates on the machinery rather than people; the
“modern” manufacturing establishment has N/C machine tools galore, plus
automatic molding, forming, welding, testing, punching, handling, plotting,
and drafting equipment—all “elements of our plan of the future.” (As con-
trasted with “conventional” manufacturing, illustrated by a group of half-
clad black “natives” running a conventional engine lathe in a thatched hut!)
The film stresses the importance of total integration of manufacturing pro-
cesses, reproducibility, and interchangeability (“tapes can be sent anywhere
in the world and produce interchangeable identical parts’) and epitomizes the
ideology of automation in action. ‘“Modern manufacturing,” the narrator
repeatedly points out, “shortens the chain of command,” “eliminates human
error,” and ““greatly reduces the opportunities for a breakdown in communi-
cations.” “Instructions are fixed,” not subject to human intervention or
“human emotion”’; management commands cannot change. Modern manu-
facturing is indeed a command performance, where the commands come from
the top. We must automate, the film concludes, we must eliminate human
intervention and uncertainty and reduce the time required to move “from
design concept to finished product as soon as possible.” Such command
performance is vital “for the survival of industry and our country.”?

Beyond the appeals to power, profit, and patriotism, and management’s
own penchant for unqualified command, the Air Force added a unique form
of encouragement: “The Department of Defense expects defense contractors
to maintain a modern base in their facilities.” Thus, in addition to the massive
subsidies given to contractors to enable them to adopt these “modern manu-
facturing” methods—the creation of a market for N/C machinery, the under-
writing of training, maintenance, computer, and programming costs, and the
funding of nearly all hardware and software (industrial and university-based)
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research and development—the Air Force fostered the adoption of N/C by
making it a condition of becoming a military contractor. If a firm wanted to
stay in the defense business, it had to subscribe to the command performance.
Nor was this requirement restricted merely to the larger prime contractors
in the aircraft industry; their suppliers too had to perform, had to develop
modern manufacturing capability. The aerospace firms, Wilfred Garvin of the
Small Business Administration noted in 1971, “‘are progressively abandoning
the drawings and specifications traditionally used in requesting bids from
small suppliers of parts, pieces and components of major end items. . . .
Punched cards are being substituted in their stead. Therefore, small firms will
need N/C capability if they want to continue as suppliers.” These demands
of prime contractors “on their own suppliers and subcontractors have proba-
bly been the biggest motivation that we have seen to date,” observed Senator
David H. Gambrell, chairman of the Senate Subcommittee on Science and
Technology of the Select Committee on Small Business. “You can’t get a
contract . . . unless you are equipped with a numerical control system that
fits into what they are doing. To qualify as a bidder you have got to be
equipped this way.”"

Government contracting policies and subsidies, promotional advertising,
entrepreneurial enthusiasm—all fuelled the fears, fantasies, and expectations
which furthered the spread of N/C technology. But other factors inhibited
its diffusion, and these proved to be decisive, especially outside aerospace and
among the smaller firms which made up the bulk of the metalworking indus-
try. Ironically, these limiting factors stemmed in large part from the very Air
Force involvement that had given the new technology momentum in the first
place, and included high system complexity (and thus unreliability), prohibi-
tive cost, and excessive maintenance, programming, computation and other
overhead requirements. The very aspects of the technology that made it
suitable for Air Force needs tended to render it inaccessible to those firms
outside the circle of government subsidy.

“Complexity degrades reliability,” industrial economist Seymour Mel-
man has observed. Such was certainly the case with numerical control, with-
out doubt the most complex, and unreliable, equipment ever installed in a
machine shop environment. Jack Rosenberg of ECS described the experience
in 1958 when the first Air Force—sponsored systems were placed in the facto-
ries of prime contractors as “the year of shock for all parties involved, the
point at which exposure to reality began.” The factory environment was hot,
electrically noisy, the floors shook, the air was full of physical and chemical
contaminants, machine operators mishandled control tapes, maintenance
staff was not prepared to deal with electronic controls, servo systems, or
computers. “None of the numerical control designs or designers was prepared
for this acutely hostile environment,” Rosenberg recalled. Anticipating that
the machinery would perform as promised, production managers attempted
immediately to assign the new equipment to normal multi-shift schedules.
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The result, in Rosenberg’s assessment, was “chaos.” “Several machine tools
were torn apart by improper programming, operation, maintenance, or servo
design. Several others were damaged.” Machine downtime in 1959 hovered
around 8o percent, owing both to maintenance problems and to the great
difficulty of “keeping them loaded” with program tapes. (And without tapes,
N/C machines became merely very expensive furniture.) Programming er-
rors, moreover, proved extremely likely, troublesome, and expensive, prompt-
ing Western Electric’s Edward E. Miller to observe that “N/C makes errors
with greater authority than anything we are accustomed to.”* When the
systems did not function as desired, the problem was compounded by the
ambiguity about who or what was responsible. Machine tool builders were
convinced the problems were caused by the electronics, and blamed the
control manufacturers, while the latter charged the builders with poor ma-
chine design or construction. Diagnosing a malfunction was thus more than
a technical task, which was difficult enough in itself; it also entailed its own
particular form of politics."

The first decade of actual production experience with N/C made it plain
that industry was not prepared for the second Industrial Revolution, and
neither was the technology that was supposed to usher it in. Those involved
learned quickly that they had only just begun, that designs had to be modified
in the field and made more reliable, better instruction manuals had to be
prepared for system users and intensive operator, maintenance, and manage-
ment training programs had to be instituted. These early traumas were not
lost on prospective N/C customers and reinforced an already healthy skepti-
cism about the revolution in metalworking. This experience with N/C in-
dicated also that Air Force sponsorship of its development had been a mixed
blessing. Only now did it become apparent that the needs of the military and
the requirements of commercial production were not necessarily compatible,

*Many of these “errors” were less mistakes made by programmers than results of the limited formal
knowledge of the machining process. “In the past,” the American Machinist observed, “humans were
both translators and transmitters of information: the operator was the ultimate interface between
design intent, as incorporated in a drawing or instruction, and machine function. The human used
mental and physical abilities to control machines. Today, computers are increasingly becoming the
translators and transmitters of information, and numerical control is perhaps most representative of
the kind of control that plugs into that greater stream with a minimum of human intervention.
Historically, numerical control certainly has been the most significant development of the electronic
revolution as it affects manufacturing.” But, as such, numerical control revealed quite dramatically
the degree of management dependence upon the tacit knowledge and skills of workers in the metal-
working industry. Without their intervention, with production resting solely upon the formal methods
of computerized techniques, the result was “chaos.” This was because those techniques, however
sophisticated in themselves, rested upon a “limited understanding of the cutting process, and, there-
fore, a lack of fully satisfactory algorithms.” The U.S. Machine Tool Task Force, in its study of
computer-based machining methods, pointed also to the “variability of the characteristics of the
machining system and inadequate control strategies to cope with this,” and “limited know-how of
the variations of the machinability, tool wear, and part-material properties.” In other words, the
machining process itself defied the formalized, prespecified requirements of full automatic control (a
challenge later attacked with so-called adaptive control methods).'* See Epilogue.
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and the consequences left an indelible impression upon potential customers.
“The first problem” confronting N/C diffusion, machine tool builder Ralph
E. Cross observed, “is the impression that N/C machine tools are overly
complicated and expensive. Responsibility for this impression probably lies
with the machines developed under the guidance of the Air Force. They are,
of course, very complicated and very expensive because the work they are
designed to perform is large and extremely intricate. Now, the aircraft indus-
try is the only industry concerned with these very complicated machining
problems, and it is practically the only industry that has a requirement for
these very intricate machines. Nevertheless,” he warned, “it is going to be a
real chore for the machine tool industry to convince its customers that all
N/C machine tools are not of equal complexity.” “N/C was first used, and
was used for many years,” Gerhard Widl noted in 1972, “mainly for military
or aerospace products, where money seems not to be the limiting factor.” Five
years later, two Rand analysts saw this as a major obstacle to diffusion of
N/C. “Stimulated by the military demand for machining complex shapes,”
they observed, “the first generation of N/C machines was designed to high
levels of performance; some of the early machines were controlled in five
dimensions and were consequently quite expensive.” As machine tool man-
ufacturers sought markets beyond the soon saturated military and air-
craft industries, they ‘“simplified the machines and reduced the levels of
performance and costs to meet the demand of the civilian sector.” But this
took time.*!¢

The firms which most suffered the negative consequences of the military
sponsorship of N/C development were probably those which jumped onto the
N/C bandwagon without the cushion of state support, and those which were
excluded altogether from the revolution in metalworking. Some job shop
owners invested early in the new technology, encouraged by vendors with
promises of fantastic savings and higher profits. Anticipating a quick return
on their sizable investment, yet being unprepared for the demanding mainte-

*Meanwhile, foreign machine tool manufacturers concentrated on producing equipment for the
commercial market. Fujitsu Fanuc, a leading Japanese machine tool builder, in 1973 alone produced
more N/C machines designed for the commercial market than all U.S. machine tool firms combined.
Likewise, in West Germany, machine tool builders concentrated upon the commercial market.
According to Paul Stockmann of Pittler—a central figure in German N/C development—German
manufacturers were locked out of U.S. military contracts and the APT Program and found, besides,
that “no one was interested here in a highly sophisticated program which required access to a big
computer.” Instead, manufacturers focused upon less expensive and less demanding programming
methods, and designed their cheaper machines accordingly. Not surprisingly, with domestic machine
tool builders tied up with military and aerospace industry orders and specifications, foreign manufac-
turers were able to gain a significant foothold in the U.S. commercial market. Between 1960 and 1975,
U.S. imports of machine tools increased 300 percent. By 1978, the U.S. had become a net importer
of machine tools; Japanese machines accounted for one-third of these imports and West German
machines accounted for one-fifth."”
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nance and programming requirements of N/C, they invariably found them-
selves saddled with unreliable and often idle equipment. Typically, the ven-
dors blamed the victim for such problems, for failing to make requisite
inventory or scheduling changes, or for using N/C for the wrong type of
work. “The success a company has with tape control,” George W. Younkin
of Giddings and Lewis insisted, ““is directly related to the ability of its person-
nel in the skills of programming, operation and maintenance.” Edward Miller
of Western Electric noted with caution that “N/C has an implied problem
of being considered a cure-all. People like myself go around talking about
four-to-one savings and three-to-one savings and it can be documented. But
it might not be in that particular part; if there are not a lot of holes or it is
“not of a complex nature, it may not produce that much savings. And when
you make a tool conventionally, it costs more by a factor of three-to-one or
four-to-one, but you may not recognize that you have to have a lot more
products coming in here to keep the machine busy. And underutilization goes
into your load rate and it gives you overall problems.” Much of this belated
qualification was news to the shop owners who invested early in N/C. Stories
of their trials and even bankruptcies, though not publicized in the trade
journals, got around and made many metalworking industry firms as wary of
numerical control vendors as they were of used-car salesmen. (See footnote,
page 185.) “Fifty percent of the N/C machines now in operation in the field,”
the Numerical Control Society estimated in 1972, “are not performing to the
satisfaction of the management personnel who purchased them.” It was hard
to tell, one society analyst commented, whether N/C was a “panacea or a
poison.”*

But the firms able to invest in N/C technology without state support
were few in number, whatever the consequences. For most, predominantly
small, metalworking shops, the N/C revolution remained but a spectator
sport, inaccessible and out of reach. “It was expected that N/C should find
broad application in job-shops,” Clifford Fawcett observed in his 1976 study
of the machine tool industry, “since it offers the small shop the advantage of
increased productivity, standardization, and automation while retaining flexi-
bility. However, the diffusion of numerical control into the job-shop has been
very slow.” Edward Miller agreed. “You would think that this would be
something that the small businessman would be ready to jump at, because it
makes him so much more competitive in so many areas.” Yet, Miller noted,
95 percent of the smaller businesses in the industry did not own a single N/C
machine tool in 1971."

A. Curtis Daniell of Technical Programming Associates accounted for
this lack of N/C diffusion into the job shop market in terms of economic
recession, the high initial cost of N/C equipment and the longer payback
period as compared to conventional equipment, a fear of electronics and
computers, inadequate training, skilled personnel and access to computer
facilities, and the fact that it was harder to see a return on N/C, which tended
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to be less tangible than that from other equipment (more an increase in quality
and control than a reduction in direct material or labor costs). Edward C.
Grimshaw, Data System Department manager for the Norden Division of
United Aircraft, blamed the manufacturers. “Both the machine tool and
control manufacturers have tended to overlook the problems facing the small
and medium-sized shops in making the transition to numerical techniques.”
Other analysts pointed to the fact that N/C did not live up to its promise so
far as job shops were concerned: excessive set-up requirements, including
programming, rendered N/C useful only for long runs or highly specialized
parts, not for the bulk of job shop production. Whatever the explanation for
the lack of N/C diffusion in job shops, simple financial assistance did not
overcome the problem. In 1966, the Small Business Administration launched
a lending program to assist small firms in obtaining N/C equipment. The SBA
provided loans of up to 85 percent of the initial cost, with no collateral
necessary other than the tools purchased with the loans. Yet, in a three-year
period, only sixty-six loans were made. In 1970, the program was discontinued
for lack of use.

In 1971, the U.S. Senate Select Committee on Small Business held hear-
ings on the impact of N/C on small business. One after another, speakers
testified about the gravity of the problem, and suggested solutions. Edward
Miller of Western Electric called for basic changes in metalworking customs
and methods. “N/C as we know it today,” he insisted, “is really best suited
to the job-shop environment,” characterized by small lot size and “quick
turn-around time.” But he acknowledged that N/C scared small operators,
and suggested more SBA subsidies and programming services. A. Curtis
Daniell seconded the need for software services and pointed out the desirabil-
ity of training programs, a theme stressed also by Joseph Loudon, sales
consultant to Superior Electric, who argued for state and local vocational
training programs. John C. Williams of the Army Materiel Command, a
project officer in the Army’s N/C and Computer-Aided Manufacturing effort,
acknowledged that diffusion of N/C to smaller shops was vital to military
mobilization and saw the solution in more automation. Referring to an Ar-
thur D. Little study commissioned by the Army, Williams said that “what
we really have is a twentieth-century technology, surrounded by nineteenth-
century antiquity.” He called for the use of more material handling, transfer,
and inspection equipment, to increase the movement of inventory and the flow
of information and thereby render the use of numerical control more efficient
and cost-effective. At the same time, he saw the need for new forms of
management, new job descriptions and career patterns, and, like the others,
more training programs.

But other witnesses were less sanguine about such remedies and viewed
the limited spread of N/C as a direct consequence of government influence
in the design of hardware and software, which had resulted in overly compli-
cated and expensive systems. James Childs, president of the Numerical Con-
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trol Society, a former Republic Aviation aerospace engineer and a leading
independent N/C consultant for smaller commercial shops, testified that
there was a serious problem of “over-investment” on the part of unsuspecting
shop owners, “stemming from the purchase of equipment with capabilities
exceeding those required to do an efficient job in the selected application.”
“Equipment salesmen,” Childs noted, “tend to push the more expensive
models and optional extras,” designed with defense contractors in mind, and
the unsubsidized commercial shop ends up with more capacity than it needs
and debts that it cannot repay. This tendency toward overcapacity was not
restricted to commercial job shops. A GAO study of the use of N/C in defense
plants in 1975, for example, indicated that users often “had overly elaborate
and expensive equipment not required for the work,” that equipment was
often “too sophisticated,” with “unneeded options.” Machine tool builders
and control system manufacturers, attuned to the extravagant expectations
of the aircraft industry, quite naturally tried to sell the same products to other
markets, with some success. But here what was necessary sophistication for
aircraft manufacturing became unnecessary expense and excess capacity for
smaller businesses, with sometimes ruinous consequences.?

Programming was another problem to which government had uninten-
tionally contributed. In 1976, a report by the Comptroller General on U.S.
manufacturing technology indicated that “the computer language known as
APT is a good example of standardization necessary to exploit a new technol-
ogy. The use of standards to create a system framework to direct the efforts
of many fragmented firms is a concept that could optimize the creative forces
of the free market if the standards are set in the public interest.”” Not everyone
agreed that standardization on APT was such a good idea, or even in the
public interest. A. S. Thomas, of A. S. Thomas, Inc., producers of the NU-
FORM programming system, testified in 1971 that APT standardization in-
hibited the development of more accessible approaches, such as NUFORM,
which would have made continuous path numerical control more accessible
to commercial firms. The Department of Defense practice of specifying APT
capability as a contractor requirement, Thomas argued, discriminated against
those who used other, simpler systems, those who could not afford to go with
APT, and those who were unwilling to become dependent upon outside
computer services for APT tape preparation.

Thomas said that the excessive computation, computer, and training
requirements of APT were prohibitive for most commercial establishments,
and saw the APT standard as a major reason for the “lack of acceptance of
N/C,” and a serious obstacle for those non-subsidized firms competing for
contracts which called for continuous path machining of complex parts.
Citing a 1960 GAO survey of 178 firms which showed that only 0.3 percent
of them had N/C capability, Thomas contrasted this with the high utilization
of N/C and computers in large aerospace firms, and pointed out that in the
latter case computer, machinery, training, and even labor costs were absorbed
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by the government. “It is well known,” he argued, “that their profits are
generally a percentage of their costs. The technology in these organizations
has been directly or indirectly subsidized by the government agencies. Since
they all work on the same basis, there is no incentive for economical opera-
tion. Such is not the case for private industry.” Thus, Thomas noted, most
private firms were restricted by limited resources to using point-to-point
systems which were fine for most applications but not sufficient for the more
complex operations increasingly specified in government contracts. ‘“Private
industry faced with finding the skilled machinist who is a mathematician and
computer scientist to do part programming settled for point-to-point systems,
straight-line milling, simple contouring, and routine turning operations. For
any complex work, it continued with its conventional methods and the more
sophisticated went to a quasi-N/C route via tracers and digitizers” (see
footnote on “faking N/C,” page 182). The private commercial firm, Thomas
argued, was thus placed at a disadvantage vis-a-vis government-supported
competitors.?* ,

The solution, Thomas insisted, was not more subsidization but rather the
development of more accessible programming methods which would render
the unsubsidized firms more competitive. Thomas and his associates had
themselves developed such a system, NUFORM, a totally “numeric” pro-
gramming technique (using numerical rather than English-like input) de-
signed for all types of N/C operations but with the specific objective of
making it accessible to commercial shops which were without such resources
as large computers, professional mathematicians, and government funding.*
In a study of various N/C part programming languages conducted by the
Numerical Control Society for the U.S. Army Electronics Command in 1974,
NUFORM was found to be the easiest to learn and among the quickest to
use, requiring one-half to one-third the time required to program the same
parts using APT. Yet, when Thomas offered to make NUFORM public
domain in the late 1960s if the government agreed to support its development,
he was turned down. “The DOD told me to drop dead,” Thomas later

*At the end of the 1960s John Parsons got back into the N/C business, to make Styrofoam patterns
for castings, and he too found the cost of programming exorbitant. He undertook the development
of a simpler method, designed for the small NCR 100 computer which was accessible to small
foundries (through local banks, which invariably had such equipment). Together with Lee Stripling,
he developed the PARTRAN system by 1970, which combined a drafting machine, a video display
terminal, and a keyboard. By drawing a three-dimensional part on the screen, a programmer would
automatically produce a drawing in hard copy and tapes for machining both the pattern and the final
casting. Based upon the latest developments in microelectronics and minicomputers, the system was
a combination designing and programming unit. Unfortunately, however, after contracting with a
manufacturing firm to have the systems built, Parsons ran out of money and nothing came of the idea.

The APT standard inhibited language development until the early 1970s and the advent of
minicomputer technology. Up to that time, most new languages were APT derivatives (APT,
ADAPT, UNIAPT), which were designed for particular uses. But by the end of the 1970s new
languages appeared, such as COMPACT and COMPACT II (MDSI), SPLIT (Sundstrand), CUTS
(Warner and Swasey), GETURN (GE), and others designed for turning and for greater accessibility.s
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recalled, “chiding me for thinking I could do a better job than MIT, AIA,
and IITRI. They were committed to APT and there was no graceful way out
of it.” And Thomas found the prime contractors in the aircraft industry to
be likewise committed. McDonnell Automation rejected NUFORM with a
curt “APT is the bible here.”?¢

In addition to inhibiting the development of competing programming
systems, Thomas repeated, the standardization on APT as a consequence
placed many firms at a disadvantage when competing for government con-
tracts.* Larger firms which “have gained through public funds a huge advan-
tage in the area of N/C,” Thomas concluded, “are at present seeking to
exploit their position to the disadvantage of the rest of American industry and
in particular small business firms.”?

James Childs agreed about this tendency toward increasing concentra-
tion in the metalworking industry, a significant if unintended consequence of
government involvement. Childs pointed out that small firms lacked the
resources even to keep abreast of N/C development, much less to invest
profitably in it, and noted that of the seven hundred people in attendance at
the Numerical Control Society’s annual conference in 1969, fewer than 5
percent came from small shops. (He also criticized the Small Business Ad-
ministration for not having small shop owners represented on the study panel
which investigated the impact of N/C on small business.) After the hearings,
Childs wrote to Senator Gambrell, and pressed home the point that the
pattern of N/C diffusion appeared to be threatening the future survival of
smaller job shops. “During the hearings, you asked whether N/C was creat-
ing a technological gap between large companies and small shops that would
be detrimental to the latter,” Childs wrote, and “the consensus as expressed
by the witnesses seemed to indicate that the small shop has had to face this
kind of thing in the past and could be expected to continue to survive. If my
understanding is correct, I disagree.””

In the past the significant difference between the large and small shop was
essentially one of quantity. Whereas the small shop may have had three model
X lathes, for example, the large shop had thirty-three model X lathes. The large
shop had the advantage of being able to handle larger quantities of production
more economically; the small shop had the advantage of quick response and
mobility. [But now] the large shop has replaced, or is replacing, the thirty-three
model X lathes with five or six advanced N/C lathes and a computer, thus
reducing costs considerably and significantly reducing response time and improv-
ing mobility, which has been the forte of the small shop.

*No other systems were made available and contracts continued to stipulate the exclusive use of APT
(with such clauses as: “parts programs and CL tapes in the APT system for use on APT (latest system)
FORTRAN (latest version) postprocessors shall be provided” and “the contractor shall provide an
extended APT programming system”). Indeed, Thomas himself had lost contracts, in spite of consis-
tently lower bids, on the grounds that he used NUFORM instead of APT.
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Very often the small shop cannot afford to investigate N/C properly much less
procure it. While there will always be a technological gap between the large and
small shop it is the growth of this gap that should be of concern. The technologi-
cal gap is definitely growing and, unless proper action is taken, will continue to
grow until the small shop is extinct. The question then arises as to whether it
is to the country’s benefit that the small shop should survive. Unless we are
willing to allow a relatively few large shops control of the market, to say nothing
of our reduced defense posture for quick mobilization, we must support the small
shop.?

A. Curtis Daniell, the vice president of a firm which supplied program-
ming services to machine shops, agreed that there was a problem, especially
in that “current users of N/C are indirectly or directly requiring their outside
suppliers to use N/C by designing products oriented to N/C manufacturing
techniques, upgrading quality control standards significantly, requiring that
parts be made by N/C machines only, and by qualifying only those sources
that have N/C machinery.” But he maintained that outside programming
services were the answer, even though they placed notoriously independent
shop owners in a precariously dependent position; without tapes, they were
out of business and without tapes at the right time, they lost business.
Kenneth Stephanz of Manufacturing Data Systems, Inc. (MDSI), the leading
software service company, concurred. “We will see some companies die,” he
acknowledged, “but I think we will see other companies grow very rapidly.”
Senator Gambrell drew little comfort from such social Darwinistic reassur-
ances. In the face of increasing concentration in the metalworking industry,
he wondered aloud “whether there is a possibility or a threat that the larger
firms will, through their better means of access to technology and research,
gain such a competitive advantage that maybe in certain areas of trade
or commerce or manufacturing, the small businessman may be excluded
altogether.”*

In the view of N/C promoters, the early industrial experience with the new
technology, especially outside the aircraft industry, proved frustrating and
disappointing. N/C equipment, designed to military specifications and stand-
ardized to meet military objectives, tended as a result to be overly complex
and thus unreliable, prohibitively expensive, and excessively demanding in
terms of overhead and support requirements. Complexity and unreliability
aside, the initial cost of N/C systems was itself enough to inhibit diffusion into
commercial shops. By the mid-1960s the cost of new machine tools, inflated
by the artificial military market, for the first time outpaced labor costs. This
quite likely reduced investment in new capital equipment and probably con-
tributed as well to the overall decline in labor productivity in the metalwork-
ing industries and to the increasing obsolescence of U.S. machine tool stock
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(making it, by the mid-1970s, one of the oldest among industrialized nations,
even with belated investment in less expensive, primarily imported, equip-
ment).**!

In short, the much heralded revolution in metalworking never quite
“took off.” For decades after the technical feasibility of N/C had first been
demonstrated, and in the absence of more accessible alternatives, the U.S.
metalworking industry remained largely untouched by the postwar advances
in control technology. The state-subsidized aircraft industry was almost alone
in being able to take advantage of the new technological possibilities. But here
too problems soon arose which limited these possibilities, problems which
revealed a fundamental contradiction between engineering dreams and man-
agement goals, on the one hand, and the practicalities and social relations of
production, on the other.

*For a full and detailed discussion of declining productivity and its causes, with particular attention
to the metalworking industries, see Seymour Melman, Profits without Production (New York: Alfred
A. Knopf, Inc., 1983).



Chapter Ten

Deployment:

Power in Numbers

By the late 1950s, the second Industrial Revolution was under way in the
factories of the aircraft industry. Here management intentions, fuelled by the
promises of technical enthusiasts and bolstered by complementary military
objectives, became fully explicit. And with the introduction of N/C machin-
ery, management goals of total control and the automatic factory also found
expression in practice, in the determined effort to use the new technology to
discipline, deskill, and displace labor and to intensify and concentrate man-
agement authority over production. But before long, it became increasingly
apparent, even given the buffer of government subsidy, that such efforts
conflicted fundamentally with the presumed goals of the second Industrial
Revolution: more efficient and better quality production. For with the intro-
duction of expensive and complex equipment, quality production now de-
pended more than anything else upon its full and proper utilization. And
effective use of these new machines, it turned out, depended less upon the
dictates and designs of production managers, systems engineers, and pro-
grammers than upon the skills, judgment, and cooperation of the workers
who operated them, workers who were now forced to struggle to retain their
jobs, power, and dignity. The familiar old contradictions of the capitalist
mode of production, then, were heightened, not diminished, by this new
Industrial Revolution.

Automation is inevitable, General Electric vice president Harold Strickland
insisted, while noting also that “it takes a lot of hard work and sacrifice by
a lot of people to bring about the inevitable.” He neglected to point out,
however, that the hard work and the sacrifice are not necessarily borne by the
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same people. Certainly the promoters and engineers of the numerical control
revolution worked very hard and their frustrations were considerable, but so
too were their rewards—whereas the real sacrifices were borne by others. For
the new technology created opportunities for management, new possibilities
which were anticipated at the outset and seized upon once the machinery was
ready. Numerical control, managers hoped, would turn the proverbial power
of “numbers,” the traditional source of worker and union strength, to their
own advantage.'

Beyond greater machining capabilities, numerical control technology
appeared to offer management several prospects. First, it promised greater
control over production, while reducing dependence upon the work force. By
making possible the separation of conception from execution, of program-
ming from machine operation, N/C appeared to allow for the complete
removal of decision-making and judgment from the shop floor. Such “men-
tal” parts of the production process could now be monopolized by managers,
engineers, and programmers, and concentrated in the office. And once deci-
sions had been made and performance and production standards had been set,
detailed orders would be sent to the floor, not only to the people there, by
means of planning sheets and the like, but also directly to the machines,
through the control tape. Numerical control, in short, allowed management
to achieve through mechanical methods those objectives heretofore ap-
proached by organizational means. As management consultant Peter Drucker
observed, “What is today called ‘automation’ is conceptually a logical exten-
sion of Taylor’s scientific management . . . Taylor preached that productivity
required that ‘doing’ be divorced from ‘planning.’ . . . Once operations have
been analyzed as if they were machine operations and organized as such
. . ., they should be capable of being performed by machines rather than by
hand.” With management requirements coded on tape and fed directly into
the machine, the time for each operation would be set by the tape, not by the
operator, and Taylor’s nemesis, “soldiering,” or “pacing,” would at last be
overcome. Management could dictate in detail not only what would be done,
and how, but also how long it would take. Machinists in the job shop would
now become mere machine tenders like their brothers and sisters on the
assembly line, disciplined by foremen but by machines as well.>

Second, with the “intelligence of production” built into the machine or
sent to it directly by management, machinist skills would no longer be neces-
sary. Numerical control appeared to make it possible to eliminate altogether
skilled machinists, long the most recalcitrant of workers (from management’s
perspective), and the backbone of militant trade unionism in the metalwork-
ing industries. These workers would be replaced by more tractable “semi-
skilled” “button-pushers,” who would be less disposed toward (or at least less
confident about) challenging managerial authority. Such “deskilling,” it was
hoped, would mean also a significant reduction in training requirements and
a permanent lowering of job classifications—fewer indirect and direct labor
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costs. Finally, since numerically controlled machines were presumably more
productive than conventional machines when it came to actual chip-cutting
(discounting overhead costs), their introduction would make possible the
reduction of the hourly work force, and with that, the lowering of direct labor
costs, fringe benefits, and union membership, and the diminishing of worker
power.’

Numerical control, as we have seen, was a rather expensive and economi-
cally uncertain innovation. But, like previous innovations introduced to
“save” labor and afford management greater control over production, it was
brought into being not by the market but by the state, at public expense. Thus,
the costs incurred in the process were borne less by those who stood to gain
by the transformation than by those who stood to lose, because those destined
to sacrifice for the sake of “inevitability” paid twice for the honor—first with
their taxes, second, with their power, their skills, their jobs, their wages, and
their dignity. But, like the previous innovations, the transformation signalled
by the advent of numerical control took hold slowly. The new expensive and
problematic technology was introduced piecemeal, and during a period of
sustained economic growth and industrial expansion which served to mask
the serious, and intended, consequences.

In 1968, the authors of a study of the use of N/C machines in the
aerospace industry, done at the Department of Industrial Engineering at the
University of California at Berkeley, found that “the range of their economic
applicability is in fact surprisingly limited.” But N/C held out other advan-
tages, of which the original designers were well aware. “With N/C,” GE’s
Earl Troup had noted, “there is a shift of control to management [which] is
no longer dependent upon the operator.” In addition to enlarging its control,
N/C also afforded management the opportunity to place a “lower grade of
operator” on the machine, at lower cost, as Orrin Livingston had added, “a
consideration not to be sneered at.” John Parsons agreed. “I emphasized my
feeling that the installation of a key system for decimal to binary conversion
was highly desirable,” Parsons wrote, referring to a manual input system he
envisioned, “not only because it could be reliable and fool-proof, but also
because it would be important in establishing a lower wage classification for
operators.” “The machine operator need be only moderately skilled,” he also
pointed out in his promotional brochure on the Digitron system.*

“N/C did not take much skill,” Frank Stulen recalled the MIT engineers
saying, since it just involves “‘doing it by the numbers.” He remembered that
his partner was at one point told by the MIT engineers who had constructed
the machine in the Servomechanisms Laboratory that they actually preferred
having law students operate it, rather than trained machinists. “Machinists,”
they argued, Stulen noted, “would not trust the numbers; they would tinker
with the thing. The law students, on the other hand, would leave it alone and
follow instructions.” In the final report on the N/C project, the MIT engi-
neers stressed the point. “Since the Numerically Controlled Milling Machine
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is automatic,” they noted, “‘the presence of a full-time operator will contribute
nothing to the metal-cutting operation.” It is desirable to have an operator
watch the operation of the machine, they acknowledged, but this operator
“‘does not need to rate higher than junior machinist.” The “coding and tape
preparation procedures,” they also pointed out, were “entirely clerical.”” “Lit-
tle judgment is required and the work is so routine that it is desirable to use
a person with little technical skill who will be satisfied with repetitive, entirely
prescribed work.””

In his history of the N/C project, tooling engineer Donald P. Hunt
explained that the aim of N/C is “to go directly from the plans of the part
in the mind of the designer to the numerical instructions for the machine
tool.” Thus, “the introduction of a numerically controlled machine tool into
a workshop means that skilled labor in that shop is replaced. Since the rate
of production of such a machine is several times that of a conventional
machine, work is effectively taken away from at least two or three skilled
machinists.” Inevitably, Hunt warned, “the skilled workers in a plant will
therefore see this equipment as a direct threat to their employment.” “To
insure against unpleasant labor-management relations regarding this tech-
nique,” Hunt advised, ““it will be necessary to educate employees as to the full
implications of this technique regarding the company and themselves and to
carefully prepare the introduction of the equipment into the plant.” For N/C
to be a success in a plant, Hunt urged, ‘it will be necessary for a concern to
devote a lot of effort to advance training and planning”—in other words, to
strategy. At the Servo Lab, the engineers were already doing just that.

“Through continued use of the N/C milling machine,” Servo Lab direc-
tor Frank Reintjes reported to the MIT administration, “the group working
on this project hopes to extend its knowledge of techniques for efficiently
coupling human beings to machines.” In particular, Reintjes, Alfred Suss-
kind, James McDonough and George Newton met with the industrial Profes-
sional Work Measurement Group to put together ““a study of the feasibility
of automatic application of fundamental motion time values to a complete
work cycle . . ., to demonstrate a minimum feasibility utilizing the simplest
of motion elements.” The Servo Lab viewed such an evaluation of time-and-
motion analysis, using the latest instrumentation, “with considerable inter-
est” and as ‘““a considerable challenge,” and sought outside funding, in cooper-
ation with the management school. McDonough examined with interest
the “different approaches to motion time analysis,” comparing Methods
Time Measurement (MTM), RCA’s “Work Factor” analysis (designed by
J. H. Quick), GE’s “Dimensional Motion Time,” and other managerial solu-
tions to the problem of analyzing and controlling the productive activities
of workers.’

The MIT engineers were not blind to the social significance of their
technical work. They were not mere technicians unconcerned and innocent
about such larger, non-technical matters. Although, throughout the decade-
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long N/C project, none of them ever saw any need to make contact with the
workers or the unions in the metalworking industry which they were hoping
to “revolutionize,” while they had extensive contacts with management in the
industry, they were nevertheless alert to the views and activities of labor
insofar as these posed problems for management. They followed the debates
over automation, noting, for example, “the UAW guaranteed annual wage
discussions in which automation is playing such an important role,” but
tended to view concerns about automation as just so much “hot air.” Like
their counterparts in management, they viewed automation as inevitable but
understood the need for good public relations. If, on the one hand, they
promoted numerical control as a major revolution in metalworking, on the
other, they insisted that there really was not much happening, not enough to
worry about. This was GE’s R/P developer Lowell Holmes’s response to
Kurt Vonnegut’s Player Piano when the book appeared in 1952, and the -
reaction of the Servo Lab staff the following year when they were visited by
representatives from the Steelworkers. “This is the first time that the Institute
has been host to such a group,” Albert Sise wrote to McDonough in anticipa-
tion of the visit (arranged through the MIT department of industrial relations
of the school of industrial management). “I think there may be a good
opportunity here to lay some groundwork for alleviating the fears of orga-
nized labor against the automatic factory.”®

The Air Force understood too the managerial promise embodied in
numerical control, which Maj. William J. Adams of the AMC described as
“the substitution of unusual operator skill through machine automatization.”
Its promotional film Modern Manufacturing: A Command Performance em-
phasized how N/C enhances managerial “command” over production by
“shortening the chain of command,” through the elimination of much human
intervention between management and the machines: “Instructions are
fixed,” with little chance for “human error,” “human emotion,” or any
“breakdown in communications.” In his keynote address to the Electronics
Industries Association in 1957, Air Force Lt. Gen. C. S. Irvine, deputy chief
of staff for materiel, noted enthusiastically how N/C enhanced command.
“With precise direction flowing to both the table and the tool, engineering
intent should be perfectly translated into finished pieces. This, to me,” he said,
“is a major advantage. Heretofore, regardless of how carefully drawn and
specified on paper, a finished piece could not be any better than the machin-
ist’s interpretations. Individual judgment of the draftsmen . . . has a certain
built-in weakness, that of bringing the tool operator into perfect mental
accord with the engineer or designer.” With N/C, however, “since specifica-
tions are converted to objective digital codes or electronic impulses, the
element of judgment is limited to that of the design engineer alone. Only his
interpretations are directed from the tool to the workpiece.” Control over the
entire process was thus insured with the new technology.’

Industry was quick to pick up on the managerial dimension of N/C, as
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was reflected in the immediate responses to the 1952 MIT demonstration of
the milling machine. “I believe this machine marks the beginnings of process
control in which the control equipment itself rather than the operator” directs
the production process, Alfred Teplitz of U.S. Steel noted, visualizing the
fully automated mill. C. J. Jacoby and his colleagues from the Harvard
Business School said that with N/C “an important feature is the reduction
of human attention and skill needed. Since the control of the machine is
automatic, the function of the operator is to load, unload, and start the
machine. Therefore he is able to operate several machines and the labor cost
per piece is reduced. Furthermore, a skilled machinist is no longer required
to operate the machine.” In short, N/C would mean “the use of less skilled
people, easier and more certain scheduling,” and tighter production control,
“the time for an operation being controlled mechanically.” M. S. Curtis,
director of engineering at Warner and Swasey and later chairman of the N/C
Committee of the National Machine Tool Builders Association, wrote to
MIT’s William Pease shortly after the demonstration: “This subject of auto-
matic control is of intense interest to me,” he intimated. ‘““There is no one who
realizes more than I do the fact that we machine tool builders must, as far
as possible, make our machines automatic. This is obviously because of the
increasingly high cost of labor and the increasing difficulty of getting mechan-
ics,” but also because of “the total indifference of labor towards attaining
greater skills and its tendency to ‘slow down.” ”” “In the resources of science,”
Andrew Ure observed at the dawn of the first Industrial Revolution (in his
influential Philosophy of Manufactures of 1830), “capitalists sought deliver-
ance from the intolerable bondage” of having to negotiate with and depend
upon the work force to turn a profit. And so too at the dawn of this second
Industrial Revolution. The new N/C technology, Alan A. Smith of Arthur
D. Little, Inc., wrote excitedly to McDonough soon after the initial MIT
demonstration, signals our ‘“emancipation from human workers.”°

The first industrial users of N/C, the airframe builders, also identified the
managerial virtues of the new technology. “Numerical control has been
defined in many ways,” observed Nils Olesten, general supervisor of the N/C
department at Rohr Aircraft. “But perhaps the most significant definition is
that numerical control is a means for bringing the decision-making in many
manufacturing operations closer to management.” N/C, Olesten argued,
“gives maximum control of the machine to management . . . since decision-
making at the machine tool has been removed from the operator and is now
in the form of pulses on the control media.” Moreover, “management control
also is abetted by a more efficient reporting system made possible with N/C.”
The descriptions of N/C by the other firms echoed these sentiments. At Glenn
Martin, N/C meant machining “without intervention from the operator; the
skills of qualified engineers who prepare the tapes are reflected in the part and
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in no way can be altered by the operator.” At Convair too, N/C meant
machines that “operate completely under the control of recorded numerical
data without human intervention,” and likewise at Boeing, where machining
could now be performed “without assistance from the operator.” No wonder,
then, that at the Norden Division of United Technologies, N/C came to mean
“Power in Numbers.”"!

With all this early talk about the managerial potential of N/C, there were
still some who remained cautious, but their views were not the dominant ones.
Murray Kanes of Bendix, like his colleague Caruthers, pointed up the impor-
tance of the feed-rate override control on the Bendix machine, which he had
helped to design, noting that it “contributes extreme versatility in that the
operator is able to monitor the cutter operation or the spindle power meter
to assure the best tool life and quality in the workpiece.” “Although the
tape-controlled manufacturing system affords a high degree of automaticity
in processing and machine control,” Kanes acknowledged, “the overall reli-
ability of the system nevertheless will be principally dependent on the human
element. . . . The operator’s override controls constitute a means for exerting
an influence on lost time and scrapped parts due to human errors” in engi-
neering and programming. Capt. Joseph Columbro, the AMC engineer dur-
ing the early phase of the N/C project, maintained in his master’s thesis on
numerical control that, even with N/C, workers’ “loyalty, willingness, knowl-
edge of the industry, company practices and traditions are still there and are
invaluable assets.”” Finally, Ralph Cross, president of the Cross Machine Tool
Company, scolded N/C enthusiasts for underestimating the importance of
worker skills in their rush to automate, and in management’s desire to “eman-
cipate” itself from ‘“human workers.” “In my opinion,” he told the members
of the Electronics Industries Association, “there is too much talk about giant
brains, computer-controlled factories, and the abolition of the factory worker.
These high-sounding phrases make good newspaper copy and excellent bar-
gaining material for labor leaders, but they don’t sell machine tools. N/C will
never be able to do away with factory workers. As I listened to the many talks
about machine programming, I could not help but think of what General
Irvine said yesterday, which went something like this, ‘N/C will take some
of the decision-making away from the machine operator, i.e., decisions about
speeds, feeds, sequence of operations, etc., and put it in the hands of the
engineer who should be able to do a better job of it.” I am glad that he said
‘should’ because experience leads me to believe that the engineer is incapable
of doing an efficient job without the know-how of the factory worker. We have
faced the same problem many times over in designing and building large
automatic transfer machines. Speaking from experience, I think I can say
without fear of contradiction that the factory worker and his knowledge of
factory conditions is absolutely essential. As I said earlier, loose talk about
the elimination of factory workers will only hurt the development of new
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Air Force Lt. Gen. Clarence S. Irvine, inspecting the N/C milling machine at
MIT. Massachusetts Institute of Technology Archives.

Two advertisements for numerical control system: LEFT. Advertisement for Ultra-
sonic Corporation, a commercial effort undertaken by several MIT engineers to
coincide with the unveiling of their N/C milling machine, 1952. Massachusetts
Institute of Technology Archives. RIGHT. 1982 advertisement, explicitly touting the
virtues of management, rather than worker, control over machinery. Courtesy of
International Machine & Tool Corporation, Warwick, Rhode Island 02888.
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Ascent to management heaven, the fully automated factory. Cover of
metalworking trade journal, 1982. From Modern Machine Shop, reprinted by
permission.
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machine tools, so let’s stick to the facts. N/C will forge ahead faster this
way.”1?

The promoters of N/C were not yet prepared to heed such admonitions.
Paced by equipment manufacturers, trade journals and advertisers continued
to emphasize the managerial potentials of the new technology, as, of course,
did management consultants. Cincinnati Milling Machine Company, the
country’s largest machine tool manufacturer, put together its own “Begin-
ners’ Course in Numerical Control,” which emphasized the managerial ad-
vantages offered by the new technology. Computer automation, coupled with
centralized programming operations, meant that production would now pro-
ceed in a ‘“‘uniform and efficient manner using the principles of scientific
management, rather than depending on the judgment of each individual
operator.” The only human intervention required on the shop floor, Cincin-
nati’s Herbert L. Wright maintained, was simple loading and unloading of the
fully automatic machine. “Undoubtedly there is something for the operator
to learn in operating an N/C machine tool,” he acknowledged, “but this
learning is not that of the craftsman or conventional machine operator type.
The principal skills of the operator of an N/C machine tool are simple set-up
skills and work-transfer skills. This means that instead of the conventional
learning curve associated with standard machining processes, a very short
learning curve should prevail.” L. A. Leifer, chief engineer at the Gisholt
Machine Tool Company, noted that, with N/C, decisions about the methods
of production “are not required of the operator.” “Of greater importance to
some users,” he emphasized, “is the fact that the job must be run at the
speeds, feeds, and in the operation sequence set by the planning department,
and the floor-to-floor [production] time cannot be greatly changed by the
operating personnel.” “With modern automatic controls,” Grayson Stickell,
president of the Landis Machine Tool Company, noted in 1960, “‘the produc-
tion pace is set by the machine, not by the operator.” This theme was repeated
later by the MOOG Machine Tool Company, in advertisements for their N/C
machinery. These machines have ‘“‘allowed management to plan and schedule
jobs more effectively,” they pointed out, and, as a consequence, ‘“operators
are no longer faced with making critical production decisions.” Such benevo-
lent-sounding sentiments echoed in the business press.**

“N/C machine tools run almost untouched by human hands,” reported
Business Week,; equipped with an automatic tool changer, they can “perform
hundreds of operations in sequence without a touch from a machinist.” (The
prospect was “frightening some labor leaders, who foresee the loss of jobs.”)
The American Machinist noted that N/C machines will be ‘“producing
around the clock, without fatigue . . . and operators will be retrained as
observers.” “Because the human variables are absent, time-study will change
its scope. Production time will be a function of machine-tool and work
limitations—easily determined and maintained.” “Numerical control is not
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a strictly metalworking technique,” it concluded, “it is a philosophy of con-
trol.”*

In the summer of 1958, just as the first AMC bulk-buy machines were
being installed in the aircraft plants, the Chicago management consulting firm
Cox and Cox issued its “Management Report on Numerically Controlled
Machine Tools.” “A management revolution is here, today,” they pro-
claimed; “the management of machines instead of the management of men.”
They explained “why machining no longer depends on a skilled operator,”
and how “exact production standards and capability are known in advance,
enabling exact scheduling.” For those firms which decided to retain their
services, the consultants promised to show how N/C could be translated into
a “reduction in costs of fringe benefits, recruitment, training, and even labor
negotiations.” And they offered also to help organize an N/C coordinating
committee within the user plant which would become the vanguard of the
N/C revolution. “The fundamental advantage of numerical control had been
spelled out,” Iron Age said in 1976; “it brings production control to the
Engineering Department.”"

This perception of numerical control technology as a managerial panacea was
not restricted to rhetoric. As the new machine systems were installed in plants
throughout the country, the management in those plants attempted to trans-
late it into practice, to realize the managerial promise the technology ap-
peared to embody. A report prepared for the Automation Unit of the Interna-
tional Labor Office by the Berkeley Department of Industrial Engineering,
“The Impact of N/C on Industrial Relations,” examined in detail the experi-
ences of five aircraft firms (Aerojet-General, Convair, Hughes, North Ameri-
can Rockwell, and Rohr), and found that “the consensus of opinion among
members of industrial relations departments, wage administrators, and tech-
nical staff was that in general N/C machines required the same or lower skills
than conventional machines,” and that there was a tendency to try to lower
the labor classification for that new equipment. The following year, 1969, Earl
Lundgren published his study of the effects of N/C on organizational struc-
ture, based upon an examination of two job shops and five production shops
in the Midwest, all of which had at least three N/C machines. “Some compa-
nies desired skill in their operators to handle bad castings, help with the
prove-out of a new tape, or help with set-up,” Lundgren reported. “But
the majority of the companies took the view that skills were largely built into
the machine, and a semi-skilled operator could do an adequate job.” In these
shops, managers who desired greater control over production and engineers
who were tired of being humbled and ridiculed for their impracticality by
shop-wise machinists succumbed to the belief that “under N/C, the operator
is no longer required to take part in planning activities.” Thus, they held that
there should be “lower skills for N/C operators as opposed to operators of
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conventional machines,” and correspondingly lower wages. With N/C the
decision-making was shifted to the programmer (who was “making more and
more important decisions and exercising increasing power”), and to manage-
ment. “A prime interest in each subject company,” Lundgren noted, “was the
transfer of as much planning and control from the shop to the office as
possible.” “There was little doubt in all cases,” he repeated, “that manage-
ment fully intended to transfer as much planning from the shopfloor to the
staff offices as possible.”!¢

A study by the Small Business Administration in 1971 confirmed these
findings. “The N/C machine operators require less skill than the master ma-
chinist on conventional machines,” the authors reported, simply seconding the
claims of management, “so the requirement for the number of semi-skilled
machine operators will increase and the number of skilled machinists will
decrease. Much of the slack will be taken up by the requirements for a higher
level of skilled persons as parts programmers, managers, maintenance persons,
and salesmen.” “Much of the skill formerly expected of the machinist operator
is now applied by the design engineer, the methods analyst, and the parts
programmer.” In light of these allegedly reduced skill requirements on the
shop floor, “the plants converting to N/C frequently negotiate new standards
for N/C operators.” “Management can clearly identify standards of perform-
ance,” the authors found, again echoing the claims of managers, ‘because it is
now possible in the post-processing by the computer to know within seconds
the required machine time to perform the cutting, drilling, grinding, or ma-
chining operations. Deviations from the standard should be explainable to
management at the end of the day, or the run. This assists management in its
scheduling, bidding, shipping, planning, and personnel management.””"’

Another study of the use of N/C in industry, a survey of two dozen firms
in the machine tool, aircraft engine and parts, airframe, farm implement, and
heavy construction equipment industries, conducted by the MIT Center for
Policy Alternatives in 1978, yielded similar results. “We believe we see a
definite thrust toward deskilling of the N/C machine operators,” the authors
of this study noted. “Some firms have deliberately reduced the skill levels
required of these operators and have thus reduced the pay value of the job.
Relatively low-skilled women have been hired to operate the machines in
some instances. In other cases, opposition to such moves seems to have
emerged both from unions concerned about the downgrading of jobs and by
managements concerned with the risk of damage to expensive machinery.”
In addition to deskilling, the authors reported, some managers “viewed the
N/C program as forcing a more rigid discipline of feeds and speeds into the
shop. When operators attempted to slow down or alter the routines, it was
easier to detect.” “It was felt that N/C tapes gave operators fewer options for
slowing down the machines . . . [and] that supervision of N/C equipment is
somewhat easier because the machine now controls so many functions that
were previously up to the operator.” Finally, the authors found that in the
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opinion of management personnel, “production output, machine downtime,
and quality data were more easily obtainable, thus enhancing management
control.”!®

In 1959, Ervin Birt investigated how N/C was being put into practice at
Wyman Gordon Company in North Grafton, Massachusetts. The company,
which produced large forgings for the Air Force, was involved in the Air
Force Heavy Press Program—the same program that originally provided the
funds for the Parsons project—and later in the Air Force N/C machine tool
modernization effort. In 1958, the Air Force installed an N/C milling machine
in the Wyman Gordon shop, to be used for die-sinking. The introduction of
this new machine “did not follow the normal pattern of the introduction of
new equipment,” Birt noted. A special “Numerical Control Group” was
created to plan and implement the new operation. The N/C group consisted
primarily of engineers and programmers, who possessed “the more abstract
technical know-how of the shop’s operations” and processed “the blueprints
and methods for the shop to use.” Thus, Birt observed, “though not in a
position of supervisory authority” per se, “they nevertheless exert a consider-
able directive influence over the shop,” and, in doing so, “‘tend to communi-
cate only among themselves.” “It is important to recognize here,” Birt em-
phasized, “that the operators are not included in the group. At no time have
they been included in any listing of the membership of the group, nor have
they participated in any of its functioning.”” Operators had “little contact with
the group” and those without approved training were prohibited by the group
from “going near the control unit of the N/C machine.” The operators were
placed in what Birt described as a ‘“structural isolation,” which severely
handicapped them when it came to exerting any influence on what the group
did. “On the other hand,” Birt suggested, “the isolation probably forestalled
problems that might have developed with higher interaction rates.”"’

A similar pattern was followed in most of the plants surveyed by the
Center for Policy Alternatives. At the Torrin Company in Torrington, Con-
necticut, a manufacturer of spring-winding machinery, the management be-
lieved that “N/C people are potentially less skilled” and this means “less
pay.” Here, as elsewhere, much of the N/C programming was relatively
simple, and supervisors were asked why the operators were not doing their
own programming. The supervisors argued that the operators would have to
know how to set feeds and speeds, that is, be industrial engineers. When it
was pointed out that the same people knew how to set feeds and speeds for
conventional equipment, routinely making adjustments on the process sheets
provided by the methods engineers in order to “make out,” the supervisors
agreed. But they claimed that the operators could not understand the pro-
gramming language. The interviewers noted that the operators in the shop
could often be seen “reading” the tape, to anticipate programming errors, and
this indicated that they could at least learn to program (having had to figure
it out the hard way, and backwards). The supervisors finally conceded: “We
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don’t want people on the floor making programs,” and added, “these guys can
beat you in a thousand ways. N/C eliminates some of the ways they have to
screw you.”?®

At TRW in Cleveland, the management “brought in N/C as a good way
to lower skills.” Originally, the “philosophy was to deskill.” Operators were
not allowed to “mess with” the programs, on the grounds that “too many
cooks spoil the stew.” N/C was used to set time standards for operators.
“With N/C, you can time a job via the computer postprocessor,” one produc-
tion manager pointed out, “and know the exact machine cycle time, as
programmed.” This “tape time” determines the rate. “You can break pacing
with N/C,” he added. “Once the tape is in, and the override is locked,”
another manager remarked, “the operator is helpless—all you need is a
robot.” A reduction in direct labor of 20-25 percent at non-union Cincinnati
Milacron was made possible with N/C, where managers were using the
technology to transform the management art “into a science.” At Hamilton
Standard in Hartford, Connecticut, the direct shop floor work force was cut
in half between 1969 and 1979 (while output increased each year). N/C dis-
placed workers, one manager insisted, ‘“and anybody who tells you different
is a liar.” “A guy has to be an idiot if, when he sees a machine that works
by itself, he does not see his job threatened.” Here too, management wanted
“to eliminate all decisions from the floor.”” One shop supervisor indicated that
he did not “want the operator to make the decision to override or to mess
around with programming.” “If programming is done by operators you have
to pay them higher rates.” ‘I don’t want the guy making the decision himself;
he has to get the foreman’s okay for all, even minor changes.” At the same
time, the shop supervisor expected instant wisdom on the part of operators
in the event of an emergency. “I need guys out there who can think,” he
insisted, acknowledging the expense of the equipment. But this wisdom was
never formally acknowledged, nor compensated for. Officially, the operators
needed no skill—and, in practice, neither did the foreman. “You don’t have
to know how to run the machine to manage it,” one foreman intimated. “To
be honest with you, I can’t even start the damn things, but it doesn’t matter.
I know who to call when things go wrong.”

At Warner and Swasey, the large lathe manufacturer in Cleveland, the
N/C “tape time” was used to set the base rate for the incentive system in
operation there. Job standards were determined by the cycle time, plus allow-
ances for loading, unloading, and a permissible number of manual interven-
tions. The same was the case at Kearney and Trecker in Milwaukee. Job rates
were set by “tape time” plus a “delay allowance.” With N/C, one manager
noted, the time for a job is “black and white,” whereas with conventional time
study methods, the standards are just estimates, more subject to negotiations.
Here, as elsewhere, N/C operators were given a lower classification and less
pay than their conventional machine counterparts, and people were being
hired and put directly on the N/C machines. Since N/C required less skill,
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in the view of Kearney and Trecker managers, there was less training neces-
sary and people could be placed faster and more cheaply. At the outset,
company-designated “lead men” were put on the N/C machines, at slightly
higher pay, but that was only a temporary measure, to get reluctant operators
to man the new equipment. Subsequently, the N/C rates were lowered.

The same was true at Caterpillar Tractor in Peoria, Illinois, where
managers vowed that “we have to reduce the maintenance man’s skills just
like the operator’s.” And at Brown and Sharpe, in Kingston, Rhode Island,
one of the nation’s oldest machine tool manufacturers, managers agreed that
“the whole purpose of N/C is to remove the operator from the process.” “The
tape takes the operator skill out of it. Control of the operation is on the tape.
We don’t want the operator to intervene except to offset initially [make tool
offset adjustments].” At Brown and Sharpe, N/C operators got the same or
higher pay than conventional machine operators. “N/C is very expensive,”
one manager explained. “We need a smart operator who has a feel. Small
errors cost big bucks.” But management also used the tape time to set rates
and was very busy concentrating its control over shop operations. “There is
a trend among workers to try to get more money for less work,” one manager
lamented. “Therefore, management has to take on more responsibility. N/C
makes management realize how much they had depended upon machinists
in the past. Management must now take full responsibility for speeds, feeds,
inserts [tool inserts], etc. N/C forces you to behave as managers. The objec-
tive is to take all skill out of the operator. That means less influence over
production for the guy on the floor.”*

At Boeing in Seattle, a major user of N/C equipment, tape time was also
used to set standards for each operation, “calculated to the hundredth of a
minute,” according to one operator. “But the times were always going
wrong,” he added, “owing to a speck of dust on the tape reader or the frequent
use of feed overrides to slow down the cutting—which was necessary to get
good parts.” Here even highly skilled prototype machinists were often placed
on N/C production machines, and the transition, from the machinist’s point
of view, was quite painful. “The only time I feel alive is when I do my own
planning, top to bottom,” one such machinist explained. Doing prototype
work, “they gave you drawings and that was it.” The machinist determined
how the part would be made, which machines would be used, and how. When
he was shifted to a four-axis N/C milling machine,

I felt so stifled, my brain wasn’t needed any more. You just sit there like a dummy
and stare at the damn thing. I'm used to being in control, doing my own planning.
Now I feel like someone else has made all the decisions for me. I feel downgraded,
depressed. I couldn’t eat. When I went back to the conventional milling machine
I worked like crazy to get it out of my system. I like to feel like I'm responsible
for the whole thing—beginning to end. I don’t like anybody doing my thinking
for me. With N/C I feel like my head’s asleep.?
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Like old Rudy Hertz, the master mechanic in Kurt Vonnegut’s Player Piano,
the prototype machinist at Boeing felt that he had been undone. “See—see
them two go up and down, Doctor!” Hertz had exclaimed to the guilt-ridden
engineer, Paul Proteus, pointing to the bobbing keys of the player piano which
also now operated without the skills of its pianist operator. “Makes you feel
kind of creepy, don’t it, Doctor, watching them keys go up and down? You
can almost see a ghost sitting there playing his heart out.”*

But this machinist understood that he was being undone not by the
technology, but by management’s use of the technology. He could program
those machines but he was not allowed to. There was very little he was
permitted to do, except “follow instructions.” He was not even allowed to
shut the machine down to go to the bathroom, since the machines were too
expensive to be idle even for a few minutes. The Boeing management had
placed a switch on the N/C control unit, not to give the operator more control
over the machine but to enable him to signal the office when he wanted
permission to go to the bathroom. The innovation added insult to injury. “It
made me feel like a kindergarten kid,” he said bitterly.?

At asmall shop in Lincoln, Nebraska, this apparent advantage of numer-
ical control was made explicit. There, the N/C machining center was run by
a mentally handicapped operator, with a maximum intelligence of a twelve-
year-old child. According to the American Machinist, this man was selected
for the job “because his limitations afford him the level of patience and
persistence to carefully watch his machine and the work that it produces.”
“His big plus,” the shop’s manager explained, “is that he will watch the
machine go through each operation step by step. . . . He loads every table
exactly the way he has been taught, watches the MOOG operate, and then
unloads.” “It’s the kind of tedious work that some non-handicapped individu-
als might have difficulty coping with,” he added.?

“We’re engaged in a contest that we simply can’t afford to lose,” Willard
F. Rockwell reminded his audience at the Western Metal and Tool Exposition
in 1968. “The Russians understand clearly that we are locked in a contest of
industrial technologies and that the winner of the contest takes all. . . . If the
American people should decide to slow down, they will be conceding defeat.
If our technology is obsolete, so are we.” And coupled inextricably with this
war abroad, the chairman of North American Rockwell pointed out, was the
war at home. “I remember the fears that haunted industrial management in
the 1950s,” Rockwell recounted. “There was the fear of losing management
control over a corporate operation that was becoming ever more complex and
unmanageable.” But now, he observed, all that has changed. “The part is
programmed in the front office and the necessary data punched on a tape. The
exact cycle time for producing the part is a known factor. The line is moni-
tored automatically. . . . Numerical control,” he said, ““is restoring control of
shop operations to management.” Russell Hedden, chairman of Cross and
Trecker agreed. “You in numerical control have done us a great service,” he
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told the members of the Numerical Control Society in 1980. “By placing the
control of many machining operations in the domain of the process engineer,”
rather than the shop floor work force, numerical control has enabled manage-
ment to meet the challenge created by the “decline of the work ethic” and
the fact that “Americans are losing their desire to work.” Numerical control,
he declared, has given management a powerful weapon with which to com-
pensate for the “human productivity lag” and combat the “mental sloth” of
workers.?’

But desire does not guarantee satisfaction, nor ought the two to be confused.
Managerial intentions, however ambitious, and management claims, however
extravagant, do not constitute the whole of reality in the workplace. There
is the test of experience to be reckoned with, when a seemingly transcendent
technology faces the grit of the shop and the realities of production. And there
is the contest of will, when those who chose the technology for their own
purposes confront those who did not. “In the conflict between the employer
and the employed,” John Brooks wrote in 1903, “the ‘storm centre’ is largely
at this point where science and invention are applied to industry.” It is here,
in this “storm centre,” that the reality of production is hammered out, where
know-how and class conflict rather than scientific elegance and dreams of
omnipotence determine the outcome. And it is here that those who would
“emancipate” themselves from human workers are reminded yet again that
they have a long way still to go.”

Management learned the hard way, from the trials of experience, that
with N/C they had invariably to depend upon the work force as much or even
more than they did before (as Ralph Cross and Murray Kanes had predicted).
Optimal utilization of the expensive new equipment was now the key to
economical, quality production, and the skills and cooperation of the workers
were the key to optimal utilization. Thus, the management effort to deskill
workers and intensify their own authority proved doubly counterproductive,
for it eliminated necessary skills and exacerbated shop floor conflict.

For one thing, the machines were notoriously unreliable, owing to me-
chanical and especially electronic failures, programming errors, and the in-
herent limits of prespecified control under changing, and often unknown,
conditions. Downtime was “‘excessive” at Brown and Sharpe, “terrible” at
Cincinnati Milacron, and expensive everywhere. “Management expectations
on N/C were out of all relation to reality,” one N/C operator from New
Hampshire observed. “N/C’s are supposed to be like magic, but all you can
do automatically is produce scrap.” Overheating caused the machines to
“plunge” suddenly along an axis, cutting into the table, or even to drill
random holes without instructions. And, without malfunctions, quality pro-
duction under constantly changing conditions required close operator atten-
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tion to detail and repeated manual intervention through the use of overrides,
to stop chatter, compensate for rough castings (and program errors), and
check for tool wear.

Cutting metal to critical tolerances means maintaining constant control of a
continually changing set of stubborn, elusive details. Drills run. End mills walk.
Machines creep. Seemingly rigid metal castings become elastic when clamped to
be cut, and spring back when released so that a flat cut becomes curved, and holes
bored precisely on location move somewhere else. Tungsten carbide cutters
imperceptibly wear down, making the size of a critical slot half a thousandth too
small. Any change in one of many variables can turn the perfect part you’re
making into a candidate for a modern sculpture garden, in seconds.?

John Glavin, operator of a $300,000 numerically controlled Giddings
and Lewis horizontal boring mill at the Westinghouse plants in Lester, Penn-
sylvania, described his experience for the UE News (United Electrical, Radio,
and Machine Workers) in 1967. “There’s pressure, because you hope that the
man who made this tape didn’t make it wrong. You hope that, even though
he made it right, that there is not an electrical malfunction in the machine
where it’s going to injure you. You are always at the controls with both hands
up like a monkey reaching for a limb—so you can grab real quick to shut
everything off.”

The other day I had a tape that had 8o positions on it. When it did the operation
for position 39, it skipped the next position and went on to 41. This was the fault
of the flexo-writer who punched the tape.

In that case you’re supposed to go to the programmer and say, “Look, you’ve
missed something here—I want it on the tape,” and it will take maybe two hours
to get it on that tape, because they have to make the tape all over again. So instead
of doing that, I went back to where I had to repeat, and I put it in myself.

“They say you don’t have to read tapes, but you have to in order to know
where to back the tape up to” and in order to avoid errors and, possibly,
serious accidents, Glavin insisted,* describing one such incident:

This particular machine is what they call Tab-sequential; you’ve got to know this
because this works in conjunction with the tape. Each tab number indicates
whether the table moves in a certain direction. If the tool is inside a hole, the

*An installer of numerically controlled turret punch presses confirmed that “even though operators
are not allowed to know tape editing they often learn it on their own, in order to make out.” He “often
saw operators reading the tapes, something I can’t do.” Since they are usually locked out of the
programmer’s office, they have to be resourceful. Once this installer watched an operator edit a
misprogrammed tape with a hand-punch and a handful of paper punches from the garbage which he
used to fill in the incorrectly punched holes.
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programmer may tab it up three inches and tab the table sideways two inches.
But suppose he’s tabbing the table to move first and there’s no room for the table
to move?

He tabbed it wrong one time and we were in a hole; I had a two-inch drill and
I was seven inches in the hole. The machine took off and it threw that drill fifty
feet down the shop. It weighed two pounds and it just missed me; it went over
the helper’s head and took his hat off. So after that I said, “I'm going to know
this thing, because this might kill me.””*°

Robert Kraweczyk, a numerical control machine operator at Allen-
Bradley Company in Milwaukee, agreed. ““You have to be smarter than the
machine,” he insisted.

You have to have your eyes and ears on it all the time. You have to know when
a switch will fail or a fuse will blow and the thing will still be working. You have
to be able to read blueprints better than you did on an ordinary machine. When
the fuse blows, the table will move but the spindle won’t be working. You have
to be there at all times. . . . You never know what the machine is going to do
—before you did.

Tom Malibrowski, an N/C jig mill operator at Allen-Bradley, also main-
tained that production “can’t be left to the tape.” “On the older machines I
knew which way the machine was going but now about the only way to see
is to position the machine or take the tape out and read it.” “I think people
have the wrong idea about the tape-controlled machine,” Malibrowski noted.
“They figure you put the job on tape and let it go. It’s not like that at all.””*!

Grudgingly, managements were forced to acknowledge this reality.
Recognizing that expensive capital equipment could be damaged and valuable
parts ruined without sufficient operator skill, attention, and motivation,
managers decided to raise the classification and pay for N/C operators, as was
done at TRW, Warner and Swasey, Boeing, and elsewhere. Moreover, some
managers realized that determining job standards through the use of simple
“tape time” was unrealistic, owing to the number of unscheduled interven-
tions, malfunctions, and delays.

“These expensive and highly sensitive machines are prone both to electri-
cal and mechanical malfunctions,” the UE insisted, where “a speck of dust
in the oil or a bad connection can not only spoil a workpiece but it can
threaten the safety of the operator. . . . Besides, the pre-fixed character of the
feeds creates a special element of hazard. A material may be too hard for the
speeds and feeds or the speeds and feeds may be too fast for the machine.
. . . Moreover, there is an element of unpredictability in the operation of
tape-controlled machines which ambushes the operator in unforeseen ways.”
“You have to use overrides to get good parts,” the prototype machinist at
Boeing said of his experience with N/C machines. “The guys get to know the
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idiosyncrasies of each machine; without them, the parts would all be scrap.”*

In order to get quality production out of their expensive equipment, some
managements voluntarily relaxed their efforts to use the N/C machinery to
deskill and discipline the work force—for the time being at least. Skilled
workers now were lured to the new machines, with increased pay and status
as attractions. ‘“‘Some managements did experience difficulties in getting oper-
ators of their conventional machine tools to transfer to N/C tools,” the
Berkeley study indicated. “Quite understandably, operators will reject trans-
fer if it seems to them to entail the risk of losing older but still fully serviceable
skills without a compensatory gain in new skills.” Therefore, some companies
acceded to union seniority rules and pressure to raise the formal classification
for the new machines. More often, however, they paid N/C operators a
premium “under the table” without raising the formal classification—pre-
sumably hoping that someday the machines would lend themselves to less-
skilled operators at the lower pay rate. The more sophisticated managers also
appealed to less tangible worker “needs.” ‘“There is a built-in resistance to
change in most people, and this appears to be especially true of machinists,”
the Small Business Administration suggested. “They seem to develop an
affinity for their machines.”

T o help overcome this, one Government installation surveyed forty-nine machin-
ists with the proposition that they would be trained to operate new N/C ma-
chines. Only two reluctantly volunteered. These two persons were trained, were
given new white shop jackets, and were allowed to wear white shirts and ties.
Tile was placed on the floor and the place of work was kept spotless. The prestige
and special recognition created an atmosphere which later resulted in several
machinists requesting to join.

Anotherlarge firm “solved its potential labor problem” by assigning the shop
steward to the most complex five-axis machine tool. “Again,” the SBA noted,
“the prestige of operating the N/C machine alleviated many of the personnel
fears and problems of the change to N/C.” Both increased pay and raised
classifications, as well as other benefits to make N/C more attractive to
status-minded employees, were indications that even with the numerical con-
trol revolution, management still remained dependent upon the workers in
the plants, upon their skills, their cooperation, and their willingness to work.
The central element of production, the key to success or failure, the determi-
nant of profit and loss, was still human after all. Thus, after the first decade
and a half of numerical control use, two industrial engineers made “A Case
for Wage Incentives in the N/C Age.”

Under automation, it is argued, the machine basically controls the manufactur-
ing cycle, and therefore the worker’s role diminishes in importance. The fallacy
in this reasoning is that if the operator malingers or fails to service the machine
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for a variety of reasons, both utilization and subsequent return on investment
suffer drastically.

Basic premises underlying the design and development of N/C machines aim at
providing the capability of machining configurations beyond the scope of conven-
tional machines. Additionally, they ‘“‘de-skill” the operator. Surprisingly, how-
ever, the human element continues to be a major factor in the realization of
optimum utilization or yield of these machines. This poses a continuing problem
for management, because a maximum level of utilization is necessary to assure
a satisfactory return on investment.*

It was not merely the trials of experience with their new machinery that
reminded management of the centrality of the human element in production,
but that “human element” itself as well, workers who resented and resisted
the management assault. For management, numerical control constituted a
weapon with which to reassert management prerogatives, centralize control,
weaken unions, counter worker restriction of output, or “pacing,” scuttle
“inflexible” work rules, lower wage rates and job classifications, intensify the
pace of work, and, ultimately perhaps, “emancipate” management from
“human workers” altogether—all in the name of progress. “With the advent
of automation,” Wharton School management consultant Edward Shils
noted, “management begins to assume new responsibilities over both ma-
chines and men.” This thinly veiled attack was not lost on labor, either in the
shop or in the local, and even those union leaders most committed to techno-
logical progress responded with alarm.*

The notion that labor fears and resists technological change is a staple
of popular, management, and academic wisdom about progress. “Of all types
of resistance to change,” Shils observed, ‘“perhaps the one most commonly
discussed is the resistance of industrial workers to technological change and
more recently to automation.” “The manager is committed to change. The
worker is committed to the status quo,” declared Yale’s Neil Chamberlain in
1961. “Specific problems in regard to automation will trouble the business-
man,” John Diebold predicted; “perhaps the most pressing is that of labor
resistance.” This widespread notion is fundamentally mistaken, however, so
far as twentieth-century workers are concerned. For, like those in manage-
ment and academia, labor has swallowed whole and internalized the liberal
ideology of progress. Labor leaders have gone to great lengths to demonstrate
that they too are reasonable, respectable, and progressive—and to avoid the
social stigma of appearing narrow-minded, reactionary, self-serving, selfish,
obstructionist, and irrational. Labor statesmen have championed technologi-
cal change while those workers displaced in its wake have clung to the belief
that their sacrifices were made for the sake of progress, that they too had made
their “contribution” to social betterment. ‘“Union obstruction of technologi-
cal change is the exception rather than the rule,” Jack Barbash observed in
his study of technology and labor in the twentieth century, and his findings
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were later confirmed in a more recent study by Doris McLaughlin and her
colleagues at the University of Michigan, who characterized labor’s stance as
having been one of “accommodation” and “acceptance” of what they per-
ceived as “necessary” and “inevitable.” Indeed, McLaughlin found more
“resistance” among middle management than among labor unions. Ervin Birt
also discovered management resistance in his study of the introduction of
numerical control at Wyman Gordon. “Resistance to change was not found
among the machine operators,” he noted, but rather among the management
N/C Group itself, reflecting frustration with the unreliable and demanding
technology. The authors of the MIT Center for Policy Alternatives study of
numerical control use in the United States likewise reported that “the firms
we interviewed experienced no resistance to the introduction of N/C from
their workers.”*

For better or worse, labor embraced the new technology, however much
it might have been maligned as opposing it—‘‘whenever an exasperated labor
leader asserts that automation can be a curse,” if not used in a socially
responsible manner, Ben Seligman noted, “the head of the U.S. Chamber of
Commerce responds that he is a Luddite,” a lunatic machine-breaker. But
labor officials and workers were no more lunatic machine-breakers than were
the actual Luddites themselves.* It was not the machinery that was threaten-
ing their livelihood and their power but management’s use of the machinery
as a means of, and a camouflage for, the attack on labor. It was not numerical
control or automation that they opposed, but management and the owners
of capital, foremen and union busters, wage cuts and speed-ups, and unem-
ployment. Faced with layoffs and declining employment in manufacturing,
labor took little comfort in the facile reassurances about the promising “long
run” prospects.*

In 1961, the U.S. House of Representatives Subcommittee on Automation
solicited reports from the unions on unemployment in their industries. The
returns were grim. The UAW reported production up 50 percent and employ-
ment down 3 percent between 1947 and 1960, citing the figure of 160,000
workers displaced by automation. The IUE reported similar statistics for the
1953—60 period, with production up 20 percent in the electrical machinery
industry despite a loss of 80,000 jobs. The Steelworkers claimed to have lost
95,000 jobs between 1937 and 1959, while production increased 121 percent,
and the UE reported a 20 percent increase in production between 1953 and
1960 in the electrical manufacturing industry despite a 10 percent decrease in
employment. At General Electric alone, the UE reported, 40,000 jobs had
been lost. In his own study Seligman found that there had been a net loss of
.1 million production jobs between 1957 and 1961, while output increased 8
percent and output per man-hour increased 18 percent. The Labor Depart-

*On the original Luddites, see, for example, my “Present Tense Technology,”” democracy, April, July,
and October 1983.
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ment estimated that some 200,000 jobs were “affected’”” each year because of
automation, including not only those people who were displaced but also the
“silent firings,” those not hired despite attrition. Whatever the actual num-
bers were, and there certainly was plenty of room for error in all of these
estimates, the fact remains that labor was concerned about loss of union
membership, social dislocation, and the weakening of its strength vis-a-vis
management. Meanwhile, as Seligman phrased it, “management’s primary
concern was to protect its major prerogatives, control of production and
control of the workforce.”’

Workers affected by displacement reacted in various ways. Some ac-
cepted their fate, resigned to its inevitability or reassured by the march of
progress, even when it stomped right over them. Others steadfastly refused
to believe that it could happen to them, that their skills could be duplicated
by a machine, while still others rushed to keep pace with “the future,”
optimistically and desperately striving to “retool” themselves for future em-
ployment.

Meanwhile, there existed a ‘“‘state of panic among many union officials,”
Seligman observed, ‘“‘over the visible job-displacing impact of automation.
They were concerned, deeply concerned, despite their public commitment to
technological advance.” In 1959 the AFL-CIO issued its official position on
automation, in its publication No. 21. “Labor welcomes these technological
changes,” the AFL-CIO emphasized. “The new techniques offer the promise
of higher living standards for all, greater leisure, and more pleasant working
conditions.” “Yet,” they warned, “there are pitfalls as well as promises in the
new technology. There is no automatic guarantee that the potentional benefits
to society will be transformed into reality.” A few years later, AFL-CIO
president George Meany warned that automation was “rapidly becoming a
curse to this society . . . in a mad race to produce more and more with less
and less labor and without any feeling [as to] what it may mean to the whole
economy.” The Opinion Research Corporation surveyed labor leaders and
found that two-thirds of them believed automation to be labor’s most serious
concern. “While academic analysts and corporate executives insisted that the
effect of automation on jobs was no different from that of ordinary technol-
ogy,” Seligman noted, “the unions remained unconvinced.” Increasingly they
were coming to the conclusion that, as International Longshoremen’s Associ-
ation president Thomas W. Gleason put it (in the wake of the mechanization
of dockwork): “Progress which excludes workers is a fake.”*

Labor’s public outcry about the apparent ravages of automation, reflect-
ing not only the long-term decline of manufacturing employment but also the
massive layoffs in the late 1950s and early 1960s (before the Vietnam War—
spurred expansion of mid-decade), prompted much airy debate and some
genuine concern. Among those most concerned, ironically enough, were the
advertisers of automated equipment such as N/C, who were compelled to
search for delicately disarming or reassuring ways to sell their labor-displac-
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ing wares. The labor force is “frightened and uncertain of its future,” the
advertising journal Printers’ Ink noted in a special report in 1964, and this was
creating problems for vendors and copywriters alike. “Numerical control is
undeniably a major factor in the job-eliminating juggernaut of automation,”
the magazine suggested, in a report aptly entitled “Who’s Afraid of Numeri-
cal Control?” “Pressures brought to bear by unions, plus the unfavorable
publicity that attends extensive layoffs, have been a restraining influence on
many plants otherwise ready to buy N/C equipment. . . . Rather than contend
with costly work stoppages and complicated industrial relations problems

. , many companies have gone without N/C. . .. ‘This issue is so explosive,’
said one marketing manager, ‘that many companies are treating as top mili-
tary secrets information about the manpower effects of numerically controlled
installations’ ”—military secrets, that is, in the war at home.

But if the public debate and press statements by labor leaders were the
most visible signs of what one observer caustically labelled the ‘“automation
hysteria,” most of labor’s energies were devoted to the less visible realms of
collective bargaining, grievances and arbitration, legislative lobbying, and,
finally, shop floor struggle. Unwilling to confront head-on and directly chal-
lenge management’s prerogative to determine the means and ends of produc-
tion, or to question the form and direction of technological change itself, the
unions sought ways to slow down the pace of displacement, ease the burdens
of those already or soon to be undone, maintain the strength and integrity of
existing bargaining units, defend (or acceptably redefine) endangered job
classifications and work rules, protect and enlarge the earnings of the mem-
bership, and win for the workers an equitable share in the proceeds of prog-
ress. On the shop floor, workers fought daily and in their own ways against
management’s escalating encroachment upon their working lives. **’

In the realm of collective bargaining, labor unions sought such ameliora-
tive (or palliative) measures as joint consultation with management over
automation; displacement only by attrition (and “red circling,” or guarantee-
ing existing jobs); retraining for displaced workers; automation of jobs only
in periods of high employment; cooperative advance planning and advanced
notice of technological changes; increased fringe benefits; guaranteed wage
plans; early retirement; severance pay; orderly procedures for layoffs, rehir-
ing, transfers, promotions, and all changes in job classifications and job
structures; a shorter work week and periodic sabbaticals; a broadening of
seniority applicability to cover transfers; preferential hiring of those dis-
placed; seniority in assignment to upgraded jobs; an overhaul of job classifica-
tions and wage structures to reflect new “upgraded” responsibilities; “auto-
mation funds”; “progress-sharing” schemes; human relations committees;
and increased unemployment compensation. Despite their professed concern
for the unemployed, the unions fixed their attention almost exclusively upon

*See below and Chapter Eleven.
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protecting existing jobs, and upon carefully defining the content, manning
requirements, and pay of those existing jobs, in the hope of forestalling
management’s latest offensive against them and even possibly turning the
most recent advances of progress to their advantage.*

The IUE, in its contracts with Emerson Electric and Sylvania, created
a joint committee on automation to study the effect of technological change
on employment and to make recommendations intended “to extend the ben-
efits of automation to employer and employees.” At the same time, IUE
president James B. Carey declared that “traditional job descriptions will be
substantially altered . . . in that mental skill, mental effort and responsibility
for operations will become more significant,” and called for a wholesale
“re-evaluation of tens of thousands of jobs™ to reflect the gains, for labor, from
new manufacturing methods. “As of the present, automation and tape-con-
trolled machine tools have not made any drastic inroads on employment,”
Roy M. Brown, Pacific Coast general vice president of the International
Association of Machinists (IAM) noted in 1959, but they might in the future
and “we have adopted a position of watching and waiting and trying to be
prepared for the future.”*

IAM leadership was recommending to local lodges that they ought to
make certain collective bargaining demands for dealing with the effects of
“advancing technology,” including advance notice, transfer rights, moving
allowances, retraining at full pay, severance pay, early retirement, and “equi-
table distribution of the gains resulting from greater productivity through
general wage increases.” In 1962, the IAM began to cooperate with a U.S.
Industries—funded foundation set up to help workers displaced by automa-
tion. John I Snyder, chairman of the firm, which was involved in the manu-
facture and utilization of automated equipment,* testified the following year
before a Senate Subcommittee on Employment and Manpower that certain
“myths about automation” were having a “tranquilizing effect” upon policy-
makers, who were thus reluctant to acknowledge the problems resulting from
automation and to take remedial action. Snyder tried to dispel these myths,
that automation was not going to eliminate many jobs, that automation would
create enough jobs for those displaced, that those who were displaced would
easily be retrained and placed in upgraded positions, and that workers laid
off by automation could readily relocate and find jobs elsewhere. These myths,
Snyder argued, served as “‘easy palliatives” and facile proof that serious
problems do not exist, and stand in the way of finding solutions. The U.S.
Industries—IAM joint effort was an attempt to clarify the problem and devise
meaningful solutions but, according to Ben Seligman, “discussions went
round and round and no one knew what to do” beyond scheduling more
conferences and recommending increases in severance pay.*

“The UAW has a policy which rejects the notion that the union should

*See Appendix IV on US. Industries development of the “Transferobot.”
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reject the introduction of advanced technology,” UAW vice president Irving
Bluestone explained. ‘“Historic experience dictates that such resistance is
futile.” The UAW took the view that “increases in productivity generated by
the introduction of technological innovation provide a base against which
unions can negotiate an improvement in the standard of living for their
members. Our purpose . . . is to safeguard the workers against erosion of their
job and income security through protective provisions and understandings in
the labor agreement.” Thus, prompted in part by Norbert Wiener’s overtures
to Walter Reuther,* the UAW issued an unprecedented resolution on auto-
mation at its 1955 annual convention.

The UAW-CIO welcomes automation, technological progress. . . . We offer our
cooperation. . . in a common search for policies and programs. . . that will insure
that greater technological progress will result in greater human progress. This
goal will not be achieved, however, if we put our trust in luck or in blind
economic forces. We can be certain of recognizing the great promise for good
and averting the dangers that would result from irresponsible use of the new
technology only if we consciously and constructively plan to utilize automation
for human betterment. We cannot afford to hypnotize ourselves into passivity
with monotonous repetition of the comforting thought, that in the long run, the
economy will adjust to labor displacement and disruption which could result
from the Second Industrial Revolution as it did from the First.

Reuther embraced wholeheartedly the tempo of technology and the
gospel of growth, and sought to halt job erosion through industrial expansion
which would presumably raise the level of aggregate demand for labor. At the
same time, he strove to secure for workers a larger share of the expanding pie,
through guaranteed wage agreements and so-called progress-sharing agree-
ments (as with American Motors), and to ease the plight of displaced workers,
through supplementary unemployment benefits, advance notification clauses,
and company-financed retraining programs (as with General Motors). In
addition, the UAW worked to maintain the integrity of bargaining units,
fighting management attempts to use numerical control as a pretext for
removing responsibility and control from the shop floor.**

In 1960, General Motors installed a tape-controlled N/C Burgmaster
drill in Plant 21 of the Fisher Body Division in Detroit. The company clas-
sified the N/C operator job at the same rate as that for conventional Burgmas-
ter eight-spindle turret drills and assigned the programming for the N/C
machine—a manual and relatively simple task for this point-to-point position-
ing control system—to a production engineer outside the bargaining unit and
off the shop floor. The union contested the company action on both counts
in a historic grievance, arguing that the N/C machine constituted a new job
with increased responsibilities, and that the programming task was simply a

*See Chapter Four, page 74.
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modern variation of the planning function traditionally performed by tool-
makers, which, as such, should remain within the unit as a toolmaker respon-
sibility. The union rejected management claims that N/C required fewer skills
than conventional machining, and that it was technically necessary to sepa-
rate the programming function from the machine operation function.* In the
case of positioning systems especially, with readily accessible programming
methods, the people within the bargaining unit, the union contended, were
fully capable of assuming total responsibility. The union maintained that the
toolmakers had a vested right to the new work, which was protected by the
national agreement.*

Management strongly objected to the principle that a contract created
a property right to the job and that work done by employees in a bargaining
unit prior to the installation of automated equipment should stay in the unit
after installation. Not only did this notion reduce management’s flexibility,
the company argued, but it also violated management prerogatives, protected
by the national agreement, to “maintain the efficiency of employees” and to
determine unilaterally “the methods, processes and means of manufacture.”
In addition, GM insisted that the skill requirements for the N/C machine
were no greater than those for the conventional turret drill press, and that
programming was an extension of a traditional managerial function. “When
the production engineer makes a decision with respect to sequence of opera-
tions and where the part will be drilled or machined,” the company main-
tained, “he is carrying out a basic management function [and] the right to
make these decisions is a fundamental right of management.” “What the
union is asking for here,” the company charged, “is the inclusion in the
Bargaining Unit of a measure of control over the methods, processes, and
means of manufacture.”*

In what the UAW’s Irving Bluestone hailed as a “landmark decision,”
the UAW-GM umpire (arbitrator) ruled in 1961 in the union’s favor, on both
counts. The umpire agreed that the N/C machine required greater responsi-
bility and thus should entail greater compensation for the operator. More
important, the umpire decided that programming was simply a variation of
a traditional bargaining unit function. “This is not a case where a manage-
ment decision has eliminated a function or otherwise changed the methods,
processes, or means of manufacture,” the umpire noted. “The function of
programming remains and is performed by the same [manual] means as
before. With respect to the machine in question, management has simply
taken the function away from the toolmaker.”

*Coincidentally, this same year Automation Specialties introduced its new Specialmatic numerical
control, which was designed specifically and exclusively for shop floor programming and full operator
control. At that year’s Machine Tool Show, Specialmatic designer F. P. Caruthers urged the UAW
to press for use of this alternative system in order to safeguard shop floor control over production,
protect jobs, and enhance production overall. (See Chapter Five, page 96.) Apparently, this suggestion
went unheeded and the alternative design was not made a point of negotiations.
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If it may do so in this instance, in the interest of efficiency, it could make a similar
decision as to all programming, or, indeed, all functions of the toolmaker, or, for
that matter, any function previously performed by any classification. By this
process, the representation rights [of the union] could be nullified and the bar-
gaining unit eroded.

“The assignment of the programming . . . to a production engineer, a non-
bargaining unit person, to the total exclusion of toolmakers, who previously
performed the function of programming and who continue to do so on other
jobs,” the umpire concluded, ““constitutes a violation” of the national agree-
ment concerning union recognition. “As a result” of this decision, Bluestone
recalled, “‘considerable amounts of work which had been removed from the
bargaining unit were returned and the workers were given the necessary
training” to help them keep abreast of new techniques. “We must see to it,”
the UAW’s GM Department resolved, “that the manual operations, now
computerized, are not withdrawn from the bargaining units.” In this rather
rare instance, at least, labor successfully challenged efforts by management
to exploit the possibilities inherent in numerical control for their own exclu-
sive ends. Labor had haltingly, and all too briefly, * raised the critical question
of social choice in machine use (if not design) and rejected management’s
identification of management choice with technological necessity, of manage-
ment rights with human freedom, of management power with social prog-
ress.*t

The UE also challenged management choices in the deployment of the
new technology, beginning in 1961 with a study of the effects of automation.
By the end of the same decade, the union had gathered a great deal of evidence
about the use of the numerical control technology and issued the 1969 UE
Guide to Automation. The guide said that the new technology had been paid
for by the taxpayers and was being employed at the expense of citizens and
workers, to increase the power and profits of private corporations—a practice
the UE disparaged as “‘the private ownership of public property.” The guide
also noted that “companies have sought to downgrade the skills required on
automated and other advanced machinery,” that “engineers are anxious to
classify new jobs as low as possible,” and that technological change was being
used as a pretext for speed-up. “There are two types of problems for which
programs must be developed to meet introduction of the new machines and
equipment,” the UE convention therefore resolved in 1967. “In the first place,
there is the need for job security programs, to mitigate the loss of jobs [an

*As we saw in the discussion of Ralph Kuhn’s experience at the Ford River Rouge plant (see chapter
7), the UAW’s efforts a few years later to retain control over the programming for similar point-to-
point “bar mills” proved unsuccessful. Moreover, the union, probably unaware of record-playback
methods (and apparently ignoring the alternative approach suggested by the Specialmatic), never
challenged the management monopoly over programming for contour milling. For a full discussion
of the UAW and Ford experience with N/C and other forms of computer-based automation, see the
book by Harley Shaiken, Work Crisis (Holt, Rinehart and Winston, 1984).
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effect of automation concealed, the UE argued, by the industrial expansion
of war production]. Secondly, it is necessary to protect classifications and
wages and to guard against speed-up.”*’

Offering the experience of its membership as evidence, the UE declared,
“We must debunk management’s contention that the introduction of new
technology means reduction of skill or effort.” Thus, as John Glavin of
Westinghouse told UE secretary/treasurer James Matles,

Before you set the machine. That machine did just what you wanted it to do.
You put the feed on, you put the speed on. Now they have combined the
mechanical with the clerical. You are more than a machinist. You are also a
production clerk; you’re a programmer; you’re an inspector; you’re a combina-
tion of everything. . . . Jim, when you get home from this you'’re tired because
you can never let down.

Earl Via, an N/C maintenance technician at the Waynesboro, Pennsylvania,
GE plant, concurred, pointing out the enlarged responsibilities of an operator
of an N/C Burgmaster drill, the same machine that was the focus of the UAW
grievance. “The operator’s skill would have to increase. He has to retain all
of his skill to operate the Burgmaster manually and he has to acquire addi-
tional skills to handle the numerical control systems.”*

The UE determined that the same thing was true at the Worthington
Pump Company in Holyoke, Massachusetts. “It was obvious here,” the UE
News reported in 1968, “as it was at the earlier investigations at the West-
inghouse and GE plants, that far more skill, and far more effort or both has
been required of the man on the job since the introduction of the tape-
controlled machines. This controverts the widespread opinion, deliberately
promoted by industry, that automation turns all jobs into push-button oper-
ations justifying the lowering of job classifications for the workers.” To il-
lustrate the increased effort required by the tape-controlled machines, which
were employed by management to pace the operator, the UE used the case
of Worthington Pump N/C turret lathe operator Tony Diauto. “Operator
Diauto now has to feed four machines [instead of one], remove the baskets
of finished parts from each of them, check for possible spoilage and alert the
setup man or the maintenance man to any problems. Throughout all this,
he is working at a fast pace.” And John Glavin described the plight of one
woman in his plant.

Making small parts can be monotonous, very monotonous, but there is also more
effort. The set-up man on one job making aluminum parts fills up a row of jigs
on a forty-inch table. . . . He picks up the center distances where they want him
to start and does the first piece. That’s all he does—the female operator and the
tape do the rest. No matter where the other pieces are, the tape sends the machine
to them.
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Now you can go through aluminum about 500 surface feet a minute; a half inch
drill will go around 1500 revolutions per minute. It’s a question of zoom in and
out through an inch and a half of aluminum.

When the machine does the first piece, the operator unlocks the piece from the
jig, blows it out with an air hose, puts another piece in and locks it. By that time
the machine has come out of the second piece in the row; she moves to the next
one, she unlocks it. . . . [She is following the machine down the row of jigs]
Loading it and unloading it; when she goes home at night she’s shaking.*

The UE determined that “the increased effort required of the workers
put on automated machines entitles them to higher rates of pay,” that “the
tremendous profitability of the new machinery makes possible higher wages
and a far higher living standard for all working people,” and that “the people
of this country are justified in demanding that the benefits of the latest
developments in industry be returned to them, especially since a major pro-
portion of the research which has led to these developments has been financed
by government funds.” The union undertook to fight it out with GE for higher
classifications and pay rates on the N/C equipment. The company insisted
that the new machines were merely “experimental’” and thus ought not to be
given any permanent classification, and that, in any case, management had
the right to determine what those rates would be, based upon its own technical
analyses of the skill required. “There were no precedents by which proper
classification of the new jobs, and the rates of pay they would carry, could
be measured,” Matles and James Higgins later recounted.

Negotiating the classifications for the jobs of the three skilled machinists who had
debugged that first machine tool in the shop, and classifying the jobs of the
machinists who would debug and operate all twelve of them, was therefore a
major matter. The company proposed the same job classification, and the rate
of pay, which had prevailed on the old conventional machines. By rights, how-
ever, said the company, the classification should be downgraded, and the rate it
carried consequently reduced, because there would be less skill and physical
effort involved, less pressure on the worker. Not so fast, replied the union.

The union fought for a higher classification. The battle between union and
company negotiating committees went on for a long while. Meanwhile, in the
shop, the twelve tape machine tools stood silent, as the machinists awaited the
outcome of the battle the union was waging for proper classification. Manage-
ment kept referring to them as monuments.

Monuments they possibly were, in a monumental effort by the company to
deprive skilled workers involved in operating these machine tools—and others
like them—from having the new jobs properly classified, while management
reaped the full fruits of increased productivity. After months of struggle, man-
agement agreed to a slightly higher classification, a job rate of 20 cents an hour
more.*
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But it proved to be limited victory, as suggested by the “balance sheet”
drawn up by Matles and Higgins after the struggle: “Nine machinists dis-
placed from their jobs; three remaining machinists on new jobs classified to
carry a 20-cents-an-hour higher rate; production increased 300 percent while
labor costs were reduced 75 percent.” Efforts like these to hold the line on
job classifications were crucial, the UE understood, but were not in them-
selves sufficient. At its 1968 convention, the UE resolved that there should be
no job loss due to technological change, that full information should be
provided by the company on all new machinery and its implications, that the
company should set up and finance retraining programs, and that there must
be a shorter work week to compensate for gains in productivity without the
loss of jobs.

The UE also undertook to develop an educational program for its mem-
bership, to dispel myths about the new technology and enable workers to fight
for what was rightfully theirs. “We have to take away the mystery that the
company likes to make of this stuff,” district president Frank Rosen, an
engineer by training, declared. “If they can make it a mystery, we are helpless
in dealing with them in negotiations.” “Technical knowledge without fight-
back,” Matles added, “would get us nowhere, but fight-back without knowl-
edge is a fight in which we have one hand tied behind our backs.” “The
appearance and spread of automation,” he later wrote, ‘“faced the labor
movement with a question as revolutionary as the technology itself:

How would the benefits of greatly increased productivity . . . be distributed
among the employed, the unemployed, the consumer, and the owners of indus-
try? The battle was yet to be joined and would clearly have to be fought by the
labor movement on both the economic and political fronts—a most enormous
challenge.”

If they did nothing else, the efforts of some unions to protect their
members against the assault management had launched in the name of tech-
nological progress served to reveal the real nature of the transformation. But
defiant rhetoric aside, the unions were on the defensive, and union leaders
knew that their own efforts were not enough, that, as Matles noted, durable
solutions would have to be political. “For all the inventiveness in bargaining,”
Ben Seligman observed, “which was described in some circles as ‘creative,’
the various devices left much to be desired.” The AFL-CIO, he pointed out,
itself “acknowledged that the burden of automation is too great for collective
bargaining” and that “the particular approaches of individual unions are at
best holding actions and at worst helpless rhetoric . . ., gimmicks” rather than
real solutions.

The trials of the longshoremen facing containerization, the printers fac-
ing teletypesetting and computers, and refinery workers confronting comput-
er-based centralized process control were the focus of attention. Despite the
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efforts of rank-and-file workers in these industries to try to prevent or at least
slow down the introduction of these technologies (which had been designed,
in part, to reduce their power as well as numbers), through the use of strikes,
sabotage, and other forms of direct action (as well as demands for veto power
over the decision to introduce the new systems—as proposed by the printers),
their unions uniformly bowed to progress. Denying steadfastly that they were
“against technology,” union leaders strove to avoid media charges of Lud-
dism and either yielded to the “inevitability” of the changes, conceding the
futility of opposition, or enthusiastically endorsed the notion that such tech-
nological changes were the surest route to prosperity for labor.

Thus, Harry Bridges of the ILWU “concluded that the fate of technology
was irresistible and that [labor] would have to ‘adjust’ to survive”; accord-
ingly, he ratified and then promoted as a victory for labor the defensive
Mechanization and Modernization Agreement of 1960. And the printers too,
strong as they were, became stricken with a similar sense of fatalism. As Bert
Powers, president of the powerful ITU New York City Local 6 conceded in
1963, during an intense struggle over automation, “we must, of course, accept
the inevitability of automation.” Without exception, union leaders accepted
their “fate” and endeavored merely to cut their losses and treat their wounds
through federal legislation, relocation allowances, more unemployment com-
pensation, federal retraining programs, revision of Social Security to permit
early retirement without loss of benefits, and laws mandating a reduction in
working hours.*

In 1955, the Eighty-fourth Congress held two weeks of hearings on the
economic and social effects of advanced technology and concluded that there
was not very much cause for concern. But that same year, the CIO sponsored
its National Conference on Automation, ushering in a decade of debate and
controversy. By 1961, President Kennedy was referring to unemployment
caused by cybernation as “the major domestic challenge of the 1960s.” Two
years later his Labor-Management Advisory Council acknowledged the seri-
ousness of the problem: “Automation and technological progress are essential
to the general welfare, the economic strength, and the defense of the Nation,”
the council confirmed, but “this purpose can and must be achieved without
the sacrifice of human values and without inequitable cost in terms of individ-
ual interests.” The Kennedy administration understood, as did the Johnson
administration, that the problem had to be addressed, if only to ease industrial
tensions and forestall conflict. While rejecting outright labor’s call for shorter
working hours, Kennedy did encourage debate and cooperative investigation
of the problem and possible ameliorative solutions. “If unions were to cooper-
ate further in analyzing their own position with respect to automation,”
Wharton economist Edward Shils observed, “there might be some modera-
tion of demands. . . . Rigid [union] wage policies [for example] should be
re-examined.”*

In 1962, as a result both of labor’s lobbying and the administration’s



260 FORCES OF PRODUCTION

attempt at co-optation, the Manpower Development and Training Act was
enacted “to develop and apply the information and methods needed to deal
with the problems of unemployment resulting from automation and techno-
logical change.” Beyond training programs and improving the flow of infor-
mation about the new technologies, the act was intended above all to increase
labor’s “mobility,” to render the human factor of production as portable as
capital, and thereby help people find employment without in any way reduc-
ing the flexibility of corporate management. That same year, Congress also
passed the Area Development Act, to lend aid to areas of high unemployment
—left in the wake of automation and capital flight—so that the jobless could
learn the new and needed skills as defined by employers.*

These palliative measures scarcely confronted the real dimensions or
causes of the problem and camouflaged in progressive rhetoric the fundamen-
tal struggle that was taking place. The debates quickly dissipated into aca-
demic discussions. Economic growth spurred by the Vietnam War gave rise
to renewed optimism. The controversy over the labor-displacing effect of the
new technology dissolved in paradox. Scholars discovered that automation
was still in its infancy and declared that there was no cause for concern in
the short run. And since the economy was expanding again, and it appeared
able to absorb all of those who might be displaced in the future, they advised
there was no cause for concern about the long run either. Hence, the nation’s
leading economists now advised that so-called technological unemployment
was nothing more than a semantic confusion. The academic controversy over
whether automation upgraded or downgraded worker skills, moreover,
begged entirely the fundamental truth of the matter already well understood
by the unions, that, whatever the outcome, it was the result not of “automa-
tion” per se but rather of the ongoing struggle between labor and management
over the shape of automation. As the IAM Research Department found, in
its own 1969 study of N/C experience in twenty-two plants, the job classifica-
tions, wage rates, and worker displacement resulting from the introduction
of N/C were determined, in the final analysis, not by technological develop-
ment but by the union strength and negotiating skills available in particular
plants. Academic analysis, far removed from the concrete struggles in the
shop and preoccupied with abstract contests between man and machine (and
the problem of “leisure”), tended invariably toward a technological deter-
minism—precisely what was needed to confuse and obscure the more
serious debate over control and power. (Which may have been why IBM
gave Harvard $5 million in the late 1960s to mull over the matter for a
decade, and why so little of substance ever came out of it.) By the late 1960s,
management had clearly gotten the public discussion about automation
back under control.*

“There is little prospect of a rapid advance” in labor-displacing technolo-
gies, George Terborgh of the Machinery and Allied Products Institute de-
clared confidently in 1965, adding that the ill-effects of automation had been
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greatly exaggerated. Moreover, the new technology did not constitute any
sharp break with the beneficent past.

Technological progress is a long established phenomenon and has been accom-
panied throughout by an expansion of output sufficient to absorb not only the
increase in productivity, but the growth of the available labor force. What better
evidence could possibly be adduced? The answer is none. The historical record
is the most massive and conclusive proof available of the compatibility of techno-
logical progress with full employment.

Charles Silberman and the other editors of Fortune agreed completely. “The
effect of automation on employment has been wildly and irresponsibly exag-
gerated,” Silberman argued in 1965, “principally by social scientists who seem
to be engaged in a competition in ominousness.””*¢

While Silberman ridiculed the “apocalypse”-preaching “Jeremiahs™ and
Terborgh criticized what he labelled the “automation hysteria,” and while
academics and journalists shifted their attention to more fashionable con-
cerns, the federal government signalled that the crisis was over. Government
statements affirming the necessity of technological progress were no longer
qualified with suggestions of concern for those undone in its wake. Now they
began with acknowledgment of the understandable (although unwarranted)
fears of workers and followed with a resounding reassertion of the faith.
“Fears of technological advance are understandable on the part of those who
feel its threat to their livelihoods,” the Council of Economic Advisors noted
in 1964. “In the absence of wise and effective private and public action such
fears are justified.”

But any comprehensive appraisal can lead only to the conclusion that the benefits
of technological change—in the future as in the past—are such that public policy
should foster rather than shun it. To yield to apprehension that the machine will
become our master, that we are unable to absorb and adjust to rapid change, that
we must deny ourselves the continued rise in material well-being that ever-
growing knowledge and understanding place within our grasp and the increased
freedom it brings to pursue higher goals—such a defeatist view is both unworthy
of our heritage and unjustified.

“Technology as such does not result in a net loss of jobs in the economy,”
the commissioner of the Bureau of Labor Statistics announced the following
year. “It does destroy the jobs and occupations of individual workers, but it
creates new jobs and occupations which require workers. The solution of the
problem of technological change and unemployment is not to prevent auto-
mation or slow down technology, but rather to move toward improving the
flexibility and the adaptability of the labor force.” Finally, the long-awaited
report of President Johnson’s National Commission on Technology, Automa-
tion, and Economic Progress, issued in 1965, officially put an end to the
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automation hysteria, forecasting clear sailing—with a robust and growing war
economy and a rapidly expanding “service sector”’—for at least a decade. And
in the same presidential report, N/C was officially heralded as “probably the
most significant development in manufacturing since the introduction of the
moving assembly line.””’

The “automation hysteria” may have been over, so far as the media, the
academics, the policymakers, and the top union leadership were concerned,
but, in the shop, the struggle over the new technology continued unabated.
For workers, now without the benefit of national attention and public sup-
port, it was a fight for jobs, pay, control, and dignity. For management, it was
the challenge of adjusting the work force, gripped by its alleged “irrational
fear of change,” to the realities of modern manufacture—realities which
“required” more complete managerial control over the process of production.
Coupled with that managerial challenge of “adaptation” was the perennial
capitalist riddle of how best to “motivate” a recalcitrant and antagonistic
work force. This old problem was now made more pressing than ever with
the advent of expensive and complicated N/C machines, which made worker
cooperation all the more essential. What would a machine operator, “skilled”
or “unskilled,” do, for example, when he saw a $250,000 milling machine
heading for a smash-up? Would he rush to the machine to make emergency
adjustments, and perhaps press the panic button to retract the workpiece from
the cutter and shut the thing down? Or would he sit back and think “oh, look,
no work tomorrow” and let the machine destroy itself, automatically. Some-
how, management had to devise a way to get workers and their unions to
cooperate—in the name of progress, profit-sharing, enrichment, or whatever
would do the trick. Because, with a shop floor or union challenge every step
of the way, the outlook for the automatic factory appeared less than bright.

In the cavernous Cleveland plant of TRW, for example, supervisors had
begun to notice that the manual feed overrides on the numerically controlled
lathes, which made it possible for the operator to circumvent the tape to
compensate for rough castings, tool wear, and programming errors, were all
set uniformly throughout the shop at 80 percent of the programmed feed rate.
The practice, which management labelled the “8o percent syndrome,” was
common to all shifts and was apparently the result of an informal agreement
among operators. Some managers wanted to lock the overrides to stop opera-
tors from setting the pace of production but others acknowledged that use of
the overrides was necessary for the production of quality parts. Although they
generally resisted having the operators tampering with their programs, some
of the programmers wanted the overrides left unlocked so that the operators
did not have to bother them with minor difficulties they could handle them-
selves. The problem, one manager conceded, was “driving them crazy” and
they ultimately decided to counter the operators’ subversive actions by simply
programming the feeds in at 120 percent. “It’s a game,” one supervisor
pointed out.
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The same game was being played elsewhere. At Cincinnati Milacron the
overrides were also set at 80 percent, whereas at Brown and Sharpe they were
being turned down to 70 percent of the programmed feed rate. Here too
management attempted to compensate by increasing the feed rate to 130
percent of the desired pace. Some managers actually went so far as to lock
the overrides, at the expense of quality production, in order to stop the
“pacing.” At Hamilton Standard, where the company rule was “to run at 100
percent and turn down only when authorized by the programmer or fore-
man,” the same practice appeared. “It was too hard to supervise,” one man-
ager conceded, “so we put in switches that automatically disconnect [the
overrides] without the operator knowing it, so he thinks he has reduced the
rate, to stretch the work out, but actually he hasn’t.” At GE-Lynn, mean-
while, the N/C lathe operators (like most N/C operators on a day-rate rather
than piecework) used a Phillips screwdriver to reset the override face, so that
when the dial looked as if set at 100 percent it was actually at a reduced rate.*®

The struggle over the overrides, which crystallized the contradiction
between management’s quest for control and its continued dependence upon
the work force, was hardly the whole of management’s problems. Covert, and
often creative, sabotage had become routine, presenting management with
excessive, expensive, and largely unaccounted for downtime, and providing
workers with a respite from daily drudgery, an expression of their contempt
for their “masters,” and possibly a delay of their own displacement. N/C
machines, as one former operator recalled, were especially ‘“easy to put
down,” and, once down, chances were they would stay down for some time
—until somebody sharp enough could figure out the problem, or stumble on
it. Circuit boards were the most vulnerable part of the systems, and manage-
ment everywhere was compelled to keep a hefty supply of spares in stock (and
locking the cabinets rarely helped). One machine installer and service repair-
man routinely found nails in the wiring of the machines. “They can beat any
system,” one Hamilton Standard manager conceded in exasperation. “They’ll
always find a way to beat you. Survival is the thing. I’ve seen guys sabotage
for one day’s overtime. And they’re smart. They know what’s going on and
they don’t take shit.” At the Torrin Company, another manager agreed,
“These guys can beat you in a thousand ways. I don’t care how many
computers you have, they’ll figure out a way to beat you.” “When workers
act in their own interest,” one Brown and Sharpe manager noted, “the result
is often a disabled machine. You put a guy on an N/C machine and if he
doesn’t think he’s making enough he gets temperamental. And then, through
a process of osmosis, the machine gets temperamental.”

At the sprawling General Electric aircraft engine plant in Lynn, Massa-
chusetts, management attempted to establish policy for the deployment of
numerically controlled lathes and was confronted with relentless opposition
at every turn. Late in 1965, the company announced firmly that the rate for
work on the N/C lathes would henceforth be lower than for work on conven-
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tional lathes, owing to the alleged reduction in skill requirements made possi-
ble with the automated equipment. Shortly thereafter—and before the ink was
dry on the roseate Report of the National Commission on Technology, Auto-
mation, and Economic Progress—all of the workers in the entire Lynn River
Works rallied behind a walkout by the irate N/C operators, shut the plant
down, and took to the street.®



Chapter Eleven

Who'’s Running
the Shop?

The General Electric Corporation was a major force behind automation. The
company had been a pioneer in automatic machine tool control and, having
abandoned early record-playback efforts, had become one of the chief manu-
facturers of N/C controls. Moreover, GE was itself a major user of the new
N/C technology; by the mid-1960s, it had as much or more N/C equipment
in its shops than any other U.S. manufacturer. The Aircraft Engine Group
(AEG), with plants in Evendale, Ohio, and Lynn, Massachusetts, employed
the bulk of this expensive equipment, in the fabrication of rotating parts for
military and commercial aircraft engines. Small aircraft engine manufacture
(along with aircraft instrument and gas turbine production) was concentrated
in the Lynn River Works. The River Works had been the first site of the GE
company at the end of the nineteenth century, was the headquarters of the
AEG, and employed some ten thousand industrial workers. Lynn itself was
an old industrial town with a large indigenous working-class population and
a militant trade union tradition, now centered in the GE Local 201 of the
International Union of Electrical Workers. If there was to be a struggle over
the use of numerical control, GE was a likely place for it to be, and within
GE, the natural center of the storm was the Lynn River Works.'

N/C meant a number of things to GE management. First, as a new,
highly sophisticated, computer-based manufacturing technology, N/C lent
substance to the company’s image, according to which “progress” was its
“most important product.” Second, as we have seen, N/C machines were
intended to meet new Air Force specifications for aircraft engine parts, which
were of unprecedented complexity and entailed machining to unusually close
tolerances. Finally, N/C appeared to provide the company with a powerful
new means of reducing labor costs as well as management dependence upon
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the work force. Historically, GE management espoused an approach to manu-
facturing which favored tight, detailed supervision and centralized manage-
ment control over the entire production process. A pioneer in scientific man-
agement and a strong advocate of thoroughgoing rationalization of the work
process, GE viewed N/C as the latest step in a familiar direction—the key
to total managerial control. These expectations were not fulfilled, however,
both because the technology did not quite live up to its promise and because
the work force resisted this latest managerial assault as they had those which
preceded it. The machines were not so reliable nor automatic as the company
supposed, and programming was difficult and error-prone. As a result, quality
production was erratic—and dependent primarily upon the cooperation and
skills of the work force—and machine downtime was excessive and costly.
The work force, moreover, resented and actively resisted the way in which
GE management was determined to introduce the new equipment, and
viewed it as a direct threat to their skills, pay, jobs, and hard-won rights.?

The GE experience serves as an ideal case study in the contradictions of
N/C use. On the one hand, in the tradition of Tayloristic “scientific manage-
ment” N/C was viewed by the company management as a means of intensify-
ing managerial control over the entire process of production and of deskilling,
disciplining, and displacing workers—a view reinforced by the ideology of
total control espoused by military sponsors and technical enthusiasts and
practitioners. N/C was deployed with these ends in mind, and in the belief
that they would lead inescapably to greater productivity and profits. On the
other hand, however, these management strategies and objectives tended
invariably to intensify worker hostility and resistance, thus handicapping its
efforts and provoking serious challenge to its goals.

In order to grasp this paradox fully, it is helpful to look more closely at
the economics of N/C use. As GE management, under Air Force auspices,
committed itself to doing an even larger proportion of its work on N/C rather
than conventional equipment, the company became increasingly dependent
upon its cost-effective use. And management soon learned that the realities
of using N/C economically differed from those associated with conventional
equipment, and departed also from the facile and optimistic projections used
to justify the expensive new equipment.

In the first place, even when N/C reduced direct labor costs—as was so
often proclaimed—it inevitably entailed higher indirect labor costs, which
typically outweighed such reductions: more managerial and support staff to
supervise operators, program the machinery, and operate the computer facil-
ity. However much creative accountants could conceal these increased costs,
in order to highlight the alleged advantages of the new technology, such costs
did not therefore go away; they simply were accounted for on a separate
ledger.

Second, N/C machine tools represented a substantially greater fixed
capital investment than conventional machinery. N/C machines were more
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expensive to buy, more expensive to maintain, and—in many cases—more
expensive to operate productively. Thus, cost-effective use of the equipment
was essential to offset this fixed capital cost, merely to break even. Moreover,
because this new technology was evolving so rapidly, existing equipment
quickly became obsolete. Thus, it was important that it pay for itself as early
as possible. Cost-effective use was vital to insure the quickest return on the
investment in N/C.

Essentially, N/C equipment was cost-effective if its use resulted in a
reduction of the unit cost of each part produced, such that the savings gained
thereby outweighed the investment in the equipment (in the case of GE, this
meant the unit cost not only of each part but of the final, assembled engine).
The lowering of unit cost depended upon two things: first, that the cost per
hour of each machine was kept to a minimum, since this contributed to the
total unit cost of the part, and, second, that the N/C machines were used only
on those particular parts whose unit costs would be reduced most with N/C
machining.

Machine cost per hour reflected such fixed costs as initial outlay for the
machine, installation and maintenance, the depreciation rate, interest, taxes,
and insurance as well as the hourly costs of labor, overhead, and energy. The
fixed costs entailed with N/C machines were considerably higher than those
with conventional equipment. Thus, given the higher fixed capital costs in-
volved, relative to those for labor, the key to N/C cost-effectiveness was the
productivity of capital rather than of labor. The higher fixed costs could be
offset only with a proportionately higher utilization of the equipment, since
the higher the utilization, the lower the fixed cost per hour of the machine
and, hence, the lower the unit cost of the product machined.

But, whatever the cost per hour of each N/C machine, its effectiveness
depended ultimately upon whether or not it actually reduced the unit cost of
the product more than would some other, conventional, machine. And this
depended upon the actual costs entailed in producing each particular part,
reflecting such variables as part complexity, the number and types of machin-
ing operations required, the time required for preparation (programming,
tooling, and machine set-up) and machining, and the batch size.

As N/C users soon discovered, not all work could be produced most
cost-effectively with N/C, and deciding when to use conventional machines
turned out to be a rather complex and demanding affair. As Stanley J. Martin
noted at the time, in his handbook on N/C use for production engineers, “It
would be very convenient if there were some direct and simple yardstick
whereby the production engineer could immediately decide whether N/C was
more profitable than conventional machining, or vice versa, but there are
many considerations which have to be taken into account and these some-
times tend to reduce the sharpness of the contrast.” Despite the demand for
such careful comparisons, however, GE management resolved to do an in-
creasing proportion of its work on the N/C equipment, simple and complex
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parts alike, whether all of it was economically suited to N/C machining or
not. GE had committed itself to increasing its use of N/C, for all the reasons
outlined earlier, and was thus concerned primarily with keeping its machines
loaded as much as possible, to increase utilization and lower machine cost per
hour—even if this did not actually translate into lower unit costs per part than
were possible with conventional methods. Such discriminating comparisons,
which would make or break a job shop operating at the economic margin,
were not the norm at GE-Lynn, where the drive toward automation and
management commitment to N/C outweighed such refined economic analy-
sis.* Thus, GE managers aggravated their own problems and placed them-
selves under even greater pressure to try to offset the fixed costs of their N/C
equipment. The key, as they saw it, was above all “optimum utilization.””

“Due to the high first cost and rapid obsolescence of N/C machine
tools,” Martin noted in his handbook, “it is important to maintain a high
utilization rate in every case.” For GE managers this goal became an obses-
sion. Higher utilization meant running the machines more of the time. Thus,
as Martin observed, “‘shift work is particularly attractive in the case of N/C
machines . . . double—or even treble—shift work is often recommended.”
Shift work on N/C became the norm at GE-Lynn. Equally important, opti-
mum utilization required reliability—Iless unscheduled downtime for repairs
—and thus more effective maintenance as well as routine preventive mainte-
nance. It meant more efficient use of the machine, more actual “chip-cutting
time” as compared with set-up time and fewer operation interruptions on
automatic machine cycles. Such efficiency translated not only into fuller
utilization of the machine and thus lower fixed cost per hour but also less
machining time per part and, thus, still lower unit costs and higher output
per hour for each machine and operator. Finally, higher utilization required
stable, continuous production on the shop floor and this called for expedited
materials handling and effective production scheduling to keep the machines
fully loaded. Such continuous production would not only reduce the amount
of time expensive equipment lay idle, it would also minimize “throughput
time,” “turnaround time,” and thus lower the amount of work-in-process,
and the accompanying storage and tax expenses of excess inventory.}

*This tendency continued, over the objections of more economy-minded production managers. In a
1978 interview, the production manager in the area under examination here complained bitterly about
the fact that his budget was so slanted in the direction of N/C that he barely had enough resources
left to maintain his conventional equipment, even though he depended heavily upon it to meet his
production quotas (and to compensate for his less reliable N/C machines).

tAs Martin noted, “All reductions in waiting time help to reduce the number of partly finished jobs
lying idle on the shop floor, and reduced amount of money tied up in work-in-process results in a
smaller capital outlay and less onerous interest payments on the capital used in the business.” To
some, this reduced inventory was the key to N/C cost-effectiveness. As Henry Sharpe, president of
Brown and Sharpe Machine Tool Company, noted in 1978, “N/C takes skill out of jobs, but increases
worker anxiety, it reduces the labor force, but requires more management. Hence, there is no net
gain from N/C, no big deal revolution. . . . However, N/C replaces inventory capital with fixed
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The cost-effectiveness of N/C, then, was dependent upon optimum utili-
zation of the equipment, and this could only occur with effective maintenance
of the machinery, careful coordination of the production process as a whole,
and efficient machine operation. All of these factors, however, were depen-
dent, in the final analysis, not only upon greater management supervision,
planning, or use of computers, but upon the initiative, skill, judgment, and
cooperation of the work force. Here, then, lay the central contradiction of
N/C use: in its effort to extend its control over production, management set
out to deskill, discipline, and displace the very people upon whose knowledge
and goodwill the optimum utilization, and thus cost-effectiveness, of N/C
ultimately depended. The traditional management strategy, which depleted
and discounted the essential resources embodied in the work force and exacer-
bated shop floor conflict, proved inescapably to be doubly—and literally—
counterproductive. Moreover, at GE-Lynn, unanticipated machine reliability
problems and programming and scheduling bottlenecks rendered continuous,
stable production an elusive goal. Thus, in their effort to optimize utilization
of their equipment, management focused upon the one variable they believed
they could control: operator efficiency. But, alas, here too their traditional,
heavy-handed approach proved self-defeating, resulting in less worker coop-
eration and initiative and thus in lower-quality production and machine
utilization.

After a painful period of trials and tribulations, of poor-quality products,
low-quantity production, and virtual shop warfare, GE management was
compelled to abandon its original policy. In order to achieve effective use of
its costly equipment, it was forced to search desperately for new ways. Thus,
the Lynn management unveiled its job-enrichment scheme, known as the
Pilot Program, which granted to the workers greater responsibilities, in-
creased control over production, and more room for initiative and creativity.

The actual purpose of the program (which management, in a pretense
of scientific detachment, labelled an “experiment”) was to try to soften the
contradictions of N/C use: to reduce conflict, elicit the cooperation of the
work force and their union, and learn from the workers how to get the most
out of the new equipment. Without abandoning its ultimate authority, man-
agement hoped to achieve some gains in the short run and also in the process
to appropriate its employees’ knowledge so that it might someday be able
truly to get along without them—or, at least, without most of them. If the
program was aimed at developing a more responsible, versatile, and autono-
mous work force, it was also designed to create a smaller work force, one
which would identify more closely with overall management objectives. The
Pilot Program, like all such job enrichment plans, presupposed the prior
detailed division and simplification of tasks, for it was only against this

capital. The hope is that the reduction in inventory will be greater than the increase in fixed costs,
thereby resulting in a net reduction in costs.”
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backdrop that redesigned jobs appeared “enriched” or “enlarged” (especially
when compared to managerial or executive jobs). But the program neverthe-
less did reflect a tacit, albeit belated, acknowledgment that the traditional
Taylorist approaches to industrial organization had been rendered obsolete
—for production purposes—Dby the new capital-intensive mode of production.

In the belief that N/C machines could be run by monkeys—an idea encour-
aged by equipment vendors and reinforced by traditional Taylorist assump-
tions and attitudes—GE set the wage rate for N/C lathe operators at R-17,
two levels lower than the R-19 rate for operators of conventional lathes,
despite the fact that the same work was often done on both. The workers and
the union protested strenuously against the lower rate, insisting that, if any-
thing, the N/C machines required more skill, not less, and that the rate should
reflect this reality. The local argued that N/C demanded greater attention
while the machine was in operation, in order to anticipate and correct for, or
avoid, foul-ups, and that this required skill and experience and resulted in
more tension and fatigue. Moreover, the union contended that, since toler-
ances were interrelated on some parts, due to the complexity of designs and
the combining of cutting operations, meeting specifications had become more
difficult. Finally, the union pointed out that the machines could not simply
run themselves, even with tape control, because frequent manual interven-
tions during the tape cycle were necessary to check tolerances, make tool
adjustments, compensate for tool wear and workpiece irregularities, and oth-
erwise insure a good finish. This was especially true when proving out new
programs for new parts, when the chance of error hovered above 9o percent.

But GE was not moved. There were some halfhearted attempts at a rate
review but the wage specialists remained adamant about slotting the N/C
machines for the lower rate. One of the most attractive things about N/C to
management was precisely that it could be run by a “cheaper grade” of
operator, and this was especially true insofar as GE failed to achieve its
anticipated returns from N/C in any other way. Finally, the goal of rate
specialists was to save the company money on wages, and did not extend to
the realities and problems of manufacturing parts for aircraft engines. This
attitude did, in fact, bring the rate people into conflict with the production
management, who were under pressure to increase output and were willing
to go to a higher rate in order to do it. (The production people understood
also—unlike N/C enthusiasts and systems engineers—that without the coop-
eration of the work force, quotas and deadlines would not be met.) But the
rate remained fixed at R-17 and the lower rate translated into still lower
machine utilization and quality output.’

There were several reasons for the poor performance. Machine down-
time was excessive; maintenance people were still not fully equipped to
quickly diagnose and correct malfunctions, so when an N/C machine went
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down it stayed down for a long period. The mechanical unreliability of the
machines was compounded by an unfamiliarity with electronics problems,
and added to this were serious programming difficulties—owing to the fact
that, at this time, programmers were technical people with little or no experi-
ence in machining. (Later as elsewhere the company would realize its mistake
and upgrade machinists into programming positions.) Another problem was
turnover. Because of the low rate on the jobs, the N/C turning area had
become primarily just an entry point for new employees, people who would
then transfer out as soon as possible to higher-paying positions in the depart-
ment or to higher-paying piece-rate jobs in the Turbine Division. This turn-
over meant that the operators never were effectively trained to run the N/C
equipment and the result was low utilization, and an excessively high rate of
scrap, rework, and MRB’s (parts which do not meet specifications and cannot
be repaired but which are sent to the Material Review Board inspector in the
hope that they will be cleared for use and not scrapped).®

The low machine utilization and poor quality led to increased manage-
ment pressure on the work force. Unit managers tried to get one man to run
two machines, made deals under the table (“juggling with the rates™), in order
to encourage individual operators to produce more, and otherwise harassed,
intimidated, and disciplined workers. This in turn led to slowdowns, pacing,
suspected sabotage, and a general atmosphere of distrust and discontent.
Grievances in Building 40, original site of the N/C turning area, were higher
than anywhere else in the River Works.

Caught in the contradiction between their own conflicting aims of
greater control over the work force, on the one hand, and greater productiv-
ity, on the other, managers too paid a price. Turnover was quite high, as top
executives strived in vain to find the right miracle plant manager or a combi-
nation of several who could achieve the expected rate of return on the expen-
sive new equipment. Meanwhile, higher-rated people, with longer service,
greater seniority rights, and shop and union experience, ‘“bumped” onto the
jobs in the N/C lathe area (during layoffs, the first to go were those without
much seniority, while those with greater seniority took their jobs). Unlike the
shorter-term operators who had entered the area directly from the street and
had no way of evaluating what was happening there in terms of past practices
and past struggles, the more experienced and skilled workers immediately
identified the situation as an attempt by the company to cut the rates on
skilled work. They reacted to the challenge together, in the traditional
manner.’

In December 1963, the automatic lathe operators formally filed a group
complaint on the rate issue, arguing that since they were handling the same
work as the conventional machine operators, they should get the same rate,
R-19. Between January and August 1964, the union took the grievance
through all three steps of the grievance procedure, culminating at the corpo-
rate level. At each point the company flatly refused to yield and rejected
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arbitration on rate issues as a matter of policy. At Step II, when the union
announced that it wanted a re-evaluation of the rate, the company coolly
responded, “We aren’t interested.” At the corporate level, the union argued
that “the men operating these machines are required to use skills that are
associated with work which is rated higher than the job in question. They also
have greater responsibility. . . . They must have the knowledge of these
complicated machines in order to enable them to diagnose and adjust.” “We
are claiming,” the union contended, that “they have to deviate from planning
and use their own initiative, diagnosis, and skills . . . , [that] set-up is more
difficult and judgment greater because of the type of machine.” The company
rejected these union claims, on the assumption that N/C reduced skills. “We
don’t understand the way you make the claim that this is worth more than
an R-17. When we put this machine on tape, we feel that it makes things easier
rather than more difficult. We don’t know where you can claim there is more
judgment and skills because of the tape machine. . . . The purpose of using
the machine is to make it easier. The total effect here was to decrease the skills
on the job.” Faced with a firm rejection of the grievance by GE at all levels,
and by the company’s unwillingness to put a rate case to arbitration, the union
backed off. In June 1964, the group complaint was shelved, ““on the basis that
the arguments were exhausted.”®

At this impasse, the automatic lathe operators in Building 40 took the
matter into their own hands. Around noon on October 6, they walked off their
jobs for what turned out to be a week-long strike eventually involving some
six hundred people. (By coincidence, another walkout occurred the same day.
The people on inspection jobs in Building 42 took the action over another case
of rate-cutting.) A prepared statement was issued to union members by the
N/C operators:

It is the wish of the undersigned that the circumstances of our striking be made
clear to all. The legal walkout of our group on October 6, 1964 at 12:15 PM was
a unanimous group action originated by us and taken in line with the contract.
We would like to make it clear that there was no coercion or suggestion by any
steward, board member, or official of Local 201. We consider ourselves a militant
group of union members and feel that our grievance had then and has now the
merit to warrant this concerted action.’

The spark that had ignited this tinderbox was the discovery by the
operators that two N/C operators were being paid the R-19 rate “under the
table.” As already noted, unit managers were in the habit of “juggling with
the rates” in order to increase output—an ad hoc incentive system intended
to break pacing. The company knew about such juggling and, although it
inescapably entailed inequities and preferential treatment, was content to live
with it. Indeed, the company wage-rate people preferred this informal ar-
rangement, which enabled them to raise individual pay arbitrarily without
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formally (and permanently) raising the rate for everyone. Company officials
considered the practice just a transition phase that would pass as soon as N/C
had been “debugged” and the “learning curve” had been traversed, and
anticipated thereafter a permanent and uniform lower rate for the “unskilled
button-pushers” who would tend the automatic equipment. But juggling the
rates at a time when there was already a Step III Grievance over them was
serious and risky business. By giving the R-19 rate to some of the operators,
in return for breaking the pace, the company provoked a strike, which
dramatically reopened the controversial rate case. Indeed, the union now
argued that management’s payment of the higher rate was an indication of
its tacit acknowledgment that it was warranted for the job.!

GE defended the juggling practice by arguing that the preferential rate
was given only to those doing “‘development” work or involved in training
others. Again, the company adamantly insisted on the lower R-17 rate. “The
set-ups are made following procedure and once the machine is started there
is nothing the operator can do if the tape goes wrong.” The union disagreed.
“This is not correct,” it maintained. ‘“The operator can still tell whether too
much or too little stock is being removed, indicating something was wrong
with the set-up, and he can stop the machine the same as on a conventional
[machine] . . . The operator does have control over the machine, [and] stops
and corrects if [something goes] wrong. . . . Things change on a number of
pieces, requiring additions by the operator.” No, said the company, refusing
to acknowledge the realities of N/C operation, “the automatic operation takes
out the individual’s judgment. . . . If you start it right, the tape then takes
over.”"!

The union was now more convinced than ever that the company was out
to cut rates with the automated equipment, whatever the consequences. “The
cause of the Building 40 issue,” the union explained to the membership, “was
the routing of work from R-19 engine and turret lathe groups to newly
installed automatic lathes and the assignment of an R-17 rate to the work.”

It is the considered opinion of Union officials that the skill requirements of the
automated work are at least as great as those of the engine and turret lathe
groups, and that the Company is determined to depress the rate of all automated
equipment. The Local’s officers point out to all the membership that this rate-
cutting program is not confined to these buildings and these problems concern
every member."

Under pressure of a continued strike, GE agreed finally to review the
rate, and the strike was temporarily suspended. During the next month there
were on-site evaluations of the jobs in question by a company-union subcom-
mittee. Meanwhile, GE refused to acknowledge that the N/C operators con-
stituted a group of versatile individuals who were experienced at running all
five types of equipment (Le Blonds, Sundstrands, Monarchs, Potter and
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Johnsons, and GE “mag tapes”), and insisted that operation of any single
machine did not warrant the R-19 rate. However, the company did express
a willingness, for the first time, to consider seriously both recognizing the
integrity of the group and giving its members the R-19 rate, in exchange for
a new company-wide layoff and transfer agreement. GE argued that the
automatic lathe area was not stable enough, that there was too much turnover
to warrant the all-around training expense and the higher rate, but suggested
that a new lack-of-work transfer and layoff policy, which would in effect “put
a fence around the job” by restricting “bumping,” would bring about the
stability desired.* The union, seeing a grave threat to seniority rights, “re-
jected violently this brazen proposal” and suggested instead that a higher rate
alone would stabilize the situation, since workers would not be in such a hurry
to leave the jobs for higher pay (and thus the area would gain in longer service
people who would be more resistant to bumping). “This is ridiculous,” the
union argued. ‘“Management has been trying to change the layoff and transfer
policy for some time and is now trying to link it with the Building 4o issue.
... When we agree to such a proposal, get the psychiatrist couch out; we will
be ready for psychiatry.” The company “would get longer service people on
the job if it was R-19.”"*

Under the threat of a full plant strike, the company agreed to an IUE-GE
Conference Board review of the issue, and it was decided that a corporate
level wage-rate specialist would re-evaluate the rate. The involvement of
corporate management in this type of case was unprecedented and reflected
GE’s seriousness about holding the line on the R-17 rate. The company
refused to allow the International’s rate specialist in on the re-evaluation.
“We are not receptive to having any outsiders as co-determinants of our
rates,” it declared. “We are not going in arm-in-arm with any outsiders. It
has never been done before in any GE plant and . . . it will be precedent-
setting.” “No union has the right anywhere in GE,” Robert A. Farrell,
manager of employee and community relations, declared, “and we certainly
do not intend to turn it over to them in Lynn.” Without access to the plant
and unable to participate in the rate review, the IUE studied how other unions
had handled the issue. After surveying the experiences of the UAW, the IAM,
the Steelworkers, and several IUE locals, the union researcher relayed his
ambiguous findings. Everywhere the rate on the new equipment either re-
mained the same as that on conventional machines or had been reduced, and
the determining factors had little to do with the technology. “An analysis of

*Presumably, in addition to seeking greater management “flexibility”” through the removal of union
‘““constraints,” the company was also interested in preventing more experienced (and savvy) people
from bumping into the area, the procedure that had precipitated the conflict in the first place. GE,
with its proposed training program, tacitly acknowledged that skilled people were required for the
productive utilization of the new technology, but the company wanted to create a new group of
operators, trained specifically for this set of jobs, and untainted by or disabused of any oppositional
attitudes.
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the data collected thus far,”” he wrote, “particularly with the automated lathe
operation, reveals no established pattern. What happens to the wage rate in
the transition from manual to automated [equipment] appears to be tied in
directly with the power and skill in negotiations of the locals involved.”**

A month later, as federal and state mediators worked to prevent a strike,
GE announced the findings of the specialist’s review: the rate was proper and
it would stick. When the union asked for a copy of the report, the request was
denied. “We make this decision as to how we want to run our business,” the
company declared. “This is our right. You don’t run the GE Company. We’re
going to manage the job. . . . The jobs in question are properly rated.”*s

The union felt it had reached the end of the line. After an authorization
was voted unanimously by the membership, a strike was called on January
22, 1965. It was the first plant-wide strike in IUE Local 201 history called in
support of a rate grievance, and it proved to be the second longest in the
union’s history as well, lasting twenty-eight days. The company charged that
the strike had been politically motivated and had little to do with the rate issue
—a common accusation during GE strikes. And the company also held out
the offer of a higher rate in exchange for an overhauling of the transfer and
layoff policy. The union, on its part, charged GE “with setting unrealistically
low rates on high-skilled jobs,” and warned that yielding to the lower rate in
this case would set a dangerous precedent so far as automated equipment was
concerned.

Union leaders believe that if the Company is successful that rates on many other
jobs will be lowered by the Company to these jobs [rates]. Methods which had
been used throughout the years to rate jobs will no longer be used, and wages
and conditions it took long years to achieve will suffer. Either there is a threat
to seniority and wages as the Union claims or there is none. The willingness of
the Company to take a strike, to lose huge sums of money and to inflict hardship
on a community indicates either a deep-seated threat to wages and conditions or
a juvenile management.'

GE publicized its proposal to change the rate in return for a new supple-
mental agreement on transfers and layoffs, but the union insisted that the rate
change had to be a precondition of any discussions of transfer policy. Initially,
the company refused the union counter-offer, since it did not bind the local
to anything and won it the higher rate. But as the strike wore on, GE began
to yield. Finally, a settlement was reached whereby the company agreed to
the higher rate and the union acquiesced to three months of negotiations
on the transfer issue, after which time it would bring a proposed supplement
to the membership for ratification. According to the settlement agreement,
even if the membership rejected the new transfer policy proposal, the R-19
rate would remain. As the union officials anticipated, the membership rejected
the proposal. It was a clear victory for the local and the operators. As one
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official, who had himself been a member of the group involved in the initial
walkout, later recalled, “This was one of the most important strikes we’ve
ever had in this local. The R-19 rate was a central rate for 20—40 percent of
the workers, and the higher rate set a precedent for all of GE.”

After the strike, the company insisted that all operators had to be able
to run at least three of the five different types of automatic lathes and be
subject to machine assignment by management. Along with a training pro-
gram, GE also introduced the concept of the “lead hand,” which meant that
some workers would now be paid an even higher R-22 (all-around machinist)
rate for special responsibilities. Once again, then, the company reintroduced
preferential payment for people willing to break the pace of the group, and
inequities thus remained. But the operators and the union had been successful
in winning the new uniform R-19 base rate. There was no further dispute over
this classification, which gave N/C and conventional lathe operators the same
wages—that is, until the company, in the Pilot Program, decided to try to
enlarge the responsibilities of the N/C operators, and the union, in response,
took aim at a higher N/C rate.”

The end of the struggle (for the moment) over the N/C rate did not put an
end to the struggle over N/C. The production problems remained, the unreli-
ability, the programming errors, the excessive downtime, compounded by
scheduling problems, worker and management turnover, and low morale.
Between 1965 and 1968, GE was still undergoing its “rude awakening” about
the realities of N/C: that the machines could not run “by themselves,” that
“button-pushers” couldn’t produce quality parts, that manual interventions
in the preprogrammed cycle were necessary to make adjustments for tool
wear and to compensate for rough castings in order to produce a good finish
to tolerance. In short, even with N/C, GE was still very much dependent
upon the skill, initiative, and goodwill of its work force.

But the company held to the firm belief that N/C would give it complete
control over what happened in the shop. GE insisted, for example, upon using
percent “tape time” as the measurement for machine utilization. This was the
period during which the machine was actually under the control of the tape
and, thus, under the control of management who had programmed the tape.
Management, therefore, sought to attain 8o percent tape time. For enforce-
ment, management assigned time study experts to verify what was being done
and to measure it against the 8o percent standard.

The shop workers found the time study men no match for them, how-
ever, and were easily able to “snow” them—running rough-cut cycles on
finishing operations, for example, to inflate artificially a twenty-minute job
into one that took an hour and a half. Since operators used overrides to
change feeds and speeds—a routine practice that enabled them not only to
produce good-quality parts but also to control the pace of production—
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management often suspected them of intentionally restricting output. In retal-
iation, one manufacturing engineer put together a plan to lock the overrides,
and management also considered putting in electronic devices to counter
manual control. (These practices are not uncommon in U.S. industry. In some
places management intentionally programs the machines to run faster than
they should, knowing that workers will slow them down with the overrides.)
Industrial history shows, however, that such management attempts to control
the freedom of the work force invariably run up against the contradiction that
the freedom is necessary for quality production. Thus, at GE the plans were
not implemented.'®

Instead the company blamed the workers for the high scrap rate, low
productivity and machine utilization, and it increased supervisory pressure.
In the management view, workers were damned if they did and damned if
they didn’t. If they did intervene to insure good quality, and thereby reduced
tape time, management accused them of slowing down the pace of production
and restricting output. If, on the other hand, workers refused to perform the
necessary manual interventions (as some of them said, defiantly, “If you treat
us like button-pushers, we’ll work like button-pushers’) management charged
them with “working to rule”” and sabotage. The workers increasingly refused
to take any initiative—to do minor maintenance (like cleaning lint out of the
tape reader), help in diagnosing malfunctions, repair broken tools, or even
prevent a smash-up. The scrap rate soared (one thing N/C can do quickly,
efficiently, and automatically, one operator wryly observed, is produce scrap)
along with machine downtime, and low morale produced the highest absen-
teeism and turnover rates in the plant. Walkouts were common and, under
constant harassment from supervisors, the operators developed ingenious
covert methods of retaining some measure of control over their work, includ-
ing clever use of the machine overrides.

Barely aware of what workers were up to, management kept increasing
the pressure. Lead hands, introduced in the rate strike settlement, were used
by management to increase the level of pacing. Supervisors bribed operators
to enlarge output by promising them a lead-hand rate (at one point over 60
percent of the operators were getting that preferential payment) and took the
“slug” away if the output went down. Foremen also pitted the operators
against each other in the competition for the higher rate and this led to a deep
distrust and general breakdown in relations between the men on the floor and,
most important, between operators and supervisors. Alienation and hostility
had become the norm in Building 74. The part of the plant with the most
sophisticated equipment had become the part of the plant with the highest
scrap rate, highest turnover, and lowest productivity, the “bottleneck” in
aircraft engine production.

The Air Force, which had subsidized the purchase of the N/C equipment
in the hope of obtaining more and better production, was getting neither, and
wanted something done about it. The GE managers who had justified the new



278 FORCES OF PRODUCTION

and expensive machinery with the promise of better quality and greater
productivity came under increasing pressure from their superiors to turn the
situation around. This was the setting in which the idea of the Pilot Program
began to take shape.?”

In 1968 GE’s Aircraft Engine Group committed itself to double its sales
during the next decade. This commitment entailed a projected doubling of
N/C equipment (there were already in 1968 fifty-two N/C machines in opera-
tion, representing an investment of over $5 million). Therefore, the need to
increase the actual utilization of this equipment became an urgent matter. At
the time, the N/C machines were in Buildings 40 and 74. In February 1968,
a senior analyst recommended that all the N/C turning equipment be central-
ized in 74, along with support functions (planning and programming) and
that this be made a single organization, the ‘“N/C Subsection.” The intention
was to consolidate the N/C-related activities in order better to examine and
overcome N/C-related problems, concerning matters like job content, classifi-
cation, and work assignments. This move set the stage for the Pilot Program.
Management didn’t know what it would take to increase the utilization of its
N/C machines, and the consolidation was a way of creating a laboratory of
sorts for experimentation. Eventually a single organization governing N/C
was formed and Steve Lombardozzi became manager of the new N/C Manu-
facturing Operations Subsection, under the new Component Manufacturing
Operations manager, H. W. Lindsay.”

Lindsay had recently come to Lynn from the GE-Evendale plant, with
a reputation as a no-nonsense manager intent upon meeting production
schedules. However, by this time he had taken some courses in organizational
psychology and had “caught religion” about the “human side of enterprise”
and “participation,” about “job enrichment” and “quality of working life.”*
Lindsay’s boss, Kenneth Bush, was also somewhat supportive of this ap-
proach and, with his backing, Lindsay asked union relations manager Ray-
mond M. Holland for assistance in developing a new, more humanistic, way
of dealing with the N/C bottleneck, one which would insure once and for all
the “maximum utilization of N/C equipment.” Holland and Lindsay brought
together a “critical mass of humanists,” as one manager later described it,
composed of themselves, Robert Curry of Employee Relations, F. L. Gowen,
originator of the N/C reorganization, Dave Burton of Professional Develop-
ment, Lombardozzi, and a few others. Thus, a “study team” was formed to
identify more clearly what the problems were, to pinpoint their source, and
to propose solutions.?

*This management reawakening to the human side of enterprise was prompted by the upsurge in
worker “unrest” at the time, in Europe and the United States—over working conditions in general
and automated technology in particular—and thus was not unique to GE management.
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The study team identified the problems easily enough: low equipment
utilization, poor productivity, high product cost, excessive scrap and rework,
crippling cycle time, the troublesome introduction of new work, pacing at a
low rate, lack of communication on the shop floor, absenteeism, turnover, and
frequent small walkouts. The study team members departed from manage-
ment tradition at Lynn, however, in that they did not simply blame the work
force for these problems; instead they suggested that the root cause had
something to do with the way jobs were structured by management.

Although the problems identified are many, our greatest single problem appears
to be at the machine operator level. It is here that all the contributions to the
total effort of processing hardware through the N/C equipment converge.

Employees (especially hourly) are lacking in motivation and they perceive them-
selves as being treated as immature, irresponsible, incompetent people who are
relegated to a button-pushing status. Because of the way their jobs have been
structured, these men: are not challenged or motivated, have no sense of involve-
ment in the total manufacturing scheme, appear to derive little or no personal
satisfaction from their employment at GE, have no feeling of achievement.?

The study team had come up with an insight into the N/C production
problem that the workers had long understood. Their perception of reality
was now sanctioned, and thereby legitimized, by management. Having pin-
pointed the source of the problem, the team proposed a far-reaching solu-
tion. It suggested the setting up of a “job enlargement and enrichment”
experiment in which operators would be given an “unlimited classification”
to enable them to perform all the tasks necessary for ‘“accomplishing the
mission of the unit.” These tasks included troubleshooting tapes, fixtures
and tools, set-ups, diagnosis and some maintenance, and perhaps also in-
volvement in planning, inspection, programming and other support func-
tions. They proposed that a group of Monarch machines be set apart for
this experiment.

The report closed with a “plan of action.” During the following month
and a half the team would complete the preliminary structure of a “Working
Unit” for N/C, present it to the section level for recommendations and
modifications, bring on board an N/C Task Force Coordinator, prepare a
formal presentation, and get endorsement from top management to put the
program into operation. Finally, in late August, the team would “sell the
program to the union,” resolve conflicting areas with planning and hourly
units (jurisdictional questions), redefine the final program, select personnel,
and initiate the study by fall. Things went pretty much according to plan—
although, as later events would demonstrate, all of the potential snags had
scarcely been resolved.?

By June, management had put together its plan. The key was “motiva-
tion.” “The conclusion was reached,” Holland explained in his introduction,
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“that the principal reason for a good many of our difficulties is that our hourly
employees are lacking in motivation,” the result of an outdated management
attitude.

The Task Force believes the principal reason for this lack of motivation is that
management has been too steeped in traditional concepts of industrial engineer-
ing. These concepts [so-called Theory X] which served us well with older conven-
tional equipment and with the workforce of earlier generations seem to be at the
source of our problems. It is the belief of the Task Force that the time has now
come to break down many of the barriers that have existed for generations
between job classifications and bargaining units. More succinctly, jobs need to
be structured for the equipment and generation of workers of today.

These conclusions need to be tested. Hopefully a climate can be established that
will elicit from our hourly employees the motivation necessary to attain substan-
tially improved utilization of our NC resources. It is to these ends that this Pilot
Program is being proposed.

The details of the Pilot Program were revealed. There would be five
Monarch N/C lathes, thirteen N/C machinist operators, and three senior
N/C machinists who would function as “leaders,” one for each shift.* The
work load would include both old (J85, CF700, J97, T58) and new (T64)
engine parts. The N/C machinists would be expected to keep the machines
running (communicate between shifts, pre-set tools off the machine during
cycle time, insure availability of tapes, tools, fixtures, gauges, and material
and establish their own schedule of personal time to guarantee continuous
operation). They would also debug new tapes, tools, and fixtures (proof the
tape, document errors, suggest ways to correct tapes and also optimize pro-
grams); troubleshoot tapes (read computer printout of tape in order to ana-
lyze problems, make physical check of tape, get tapes repunched if necessary);
troubleshoot fixtures and tools (notify leader when fixtures need repair, do
minor fixture repairs); set up for first production piece; do complete first piece
inspection; suggest alternate tooling when needed; troubleshoot machine mal-
functions and do scheduled preventive maintenance.

The leaders (senior N/C machinists) assumed ‘“functional responsibil-
ity” for unit operations. They would be expected to assist and counsel all N/C
machinists in “accomplishing the mission of the unit.” To this end, they
would:

1. assign N/C machinists in debugging new equipment, tools, and
methods

2. operate machines when N/C machinists were on personal time

3. schedule equipment start-up

*These numbers were later changed and the Pilot Program began with seven machines and twenty-one
operators.



Who’s Running the Shop? 281

4. work with planning in developing, implementing, and controlling
new methods and procedures

5. approve programming from the viewpoint of good machine shop
practice

6. review and make suggestions about changes in workstations, tools,
and fixtures

7. help establish and implement machine-loading schedules

8. assume responsibility for quality in the unit and interface with qual-
ity control

9. monitor the area for availability of all materials and check equip-
ment to insure safe and proper functioning

10. assist in the orientation of new employees and the training of others

for new responsibilities.*

In addition to the “unlimited” classification of operators, given their
broad responsibilities for “accomplishing the mission of the unit,”* the Pilot
Program was also unique in that there was to be no foreman, no scheduled
lunch periods, and flexible starting and personal times. In order to do his part
in the mission of the unit, “each employee” was to be granted ‘“‘commensurate
freedom, authority, and responsibility.” Training time, moreover, would be
scheduled as working time, as operators prepared themselves for their new
responsibilities, and there would be a regularly scheduled eighteen-minute
overlap between shifts (one and a half hours overtime per week) to insure
adequate communication between the “pilots” on succeeding shifts. Because
in the company’s view the Pilot Program was to be an ‘“‘experiment,” there
would be no attempt to evaluate the jobs or the work of the N/C unit
employees “until the trial period is well under way and job content, respon-
sibilities and other factors become clear.” Management, in other words, did
not know what the outcome of the experiment would be—only that its aim
was to find ways to enhance the utilization of N/C equipment—and therefore
wanted to avoid a premature evaluation. (This wait-and-see attitude had as
its reverse side an unwillingness to make any firm commitments about the
meaning, implications, or future of the program.) To demonstrate its goodwill
at the outset, “and avoid any negative motivation involving wages during the
Pilot Study,” the Task Force proposed that participants be paid a 10 percent
bonus for as long as they were involved in the experiment.”

Thus the program was an initiative taken by GE-Lynn management to
learn how to achieve full use of N/C equipment by granting employees greater
freedom and responsibility and eliciting from them knowledge about how best
to process parts using such equipment. Having outlined its strategy, the study

*It should be pointed out that, in different ways, many of these responsibilities had already been
informally assumed by workers. What was new here was that this unspoken contribution would now
formally be acknowledged and encouraged—and workers would be compensated for it.
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team now had to sell it to higher management. There was no problem with
management in Lynn and Evendale but executives at the corporate level in
Fairfield balked at the bonus, arguing that it violated the overall GE rate
structure. It was the case, however, that the management of the Aircraft
Engine Group took pride in maintaining some independence from the corpo-
rate hierarchy and, in fact, enjoyed what it considered to be an adversary
relationship with Fairfield. Thus, when there was a conflict with Fairfield over
the bonus, AEG management searched for a way around the injunction, and
eventually came up with a loophole in the company rate policy which allowed
local managers some prerogative in the setting of “temporary rates.” Accord-
ingly, the 10 percent bonus was labelled a “temporary rate” as was the later
16 percent rate. (The “temporary rate” solution to this impasse turned out to
be only a temporary solution, however, once the union began to demand a
uniform permanent rate for the enlarged N/C machinist classification.)

Having circumvented corporate objections to its experiment, the Lynn
management was ready to sell the idea to the union. By this time, however,
there was something else to sell as well, a matter which would either make
the first task all the more difficult or much easier, depending upon the strategy
used. Corporate management had decided to eliminate as soon as possible all
piecework at Lynn. There were at the time approximately 120 pieceworkers
in the AEG (4 percent of employees in Lynn) centered on the second floor
of Building 74, upstairs from the N/C turning area. These were benchworkers
and conventional machine operators, who enjoyed the highest earnings in the
Lynn plant, and local management knew that the elimination of the piece-
work system, which the workers had learned to beat, would evoke strong
resistance from the union. This reaction, it was feared, might spill over into
hostility to and outright rejection of the Pilot Program. However, if the
program, with its 10 percent bonus, were sold as a step toward establishing
new higher rates throughout the plant, not only in the N/C area but also in
the conventional area affected by the elimination of piecework, management
could achieve two goals: get the Pilot Program approved and divert attention
from and otherwise soften the impact of the elimination of piecework. Man-
agement decided to combine the two sales pitches into one.

GE wanted to eliminate piecework in AEG because the system was
costing the company more money than it was willing to pay. Introduced on
these jobs as an incentive scheme in 1936, it had long since been turned by
the workers to their own advantage, and they now also wanted to extend it
throughout the plant (it already existed throughout the Turbine Division).*

*Historically, machinists strongly opposed piecework incentive schemes, which were introduced to
destroy their solidarity and collective control over production. Having lost that battle in the wake
of Taylorism, however, they began instead to master the piece-rate systems and turn them to their
own monetary advantage—despite management efforts to design elaborate systems which would
prevent ‘“‘excessive gains” by workers. Thus, piecework jobs had become among the highest paid at
GE and any switch to a day-rate, such as with the introduction of N/C, meant a reduction in pay.
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“As long as piecework remains in Building 74-2,” one manager explained in
a June 1968 memorandum, ‘“Local 201 and hourly employees will exert pres-
sure to have this payment system extended to other areas.” Moreover, new
work was just being introduced in AEG for which rates had yet to be worked
out and management was keenly aware that it was “becoming increasingly
difficult not to associate this new work with existing piecework job classifica-
tions.” Finally, management contended that the “new [N/C] equipment does
not lend itself to [the] application of piecework,” since the program tape
rather than the worker controlled the pace of production.**

For all these reasons, the piecework system was to be eliminated alto-
gether, and the Lynn management was instructed to notify the union of this
decision. According to the Lynn memorandum of June 1968, management
was further asked to “limit the Company liability to the greatest extent
feasible” by ‘“‘granting requests for transfer to piecework in Everett” and
elsewhere; “replacing pieceworkers who leave through attrition with day-
workers”; and by directing “orders on dual-sourced parts to vendors wher-
ever reasonable” to reduce the load in the piecework areas while the system
was being phased out. Pieceworkers were to be guaranteed their total average
earnings so long as they remained at their present jobs, even though they
would now be on daywork. Every month they would be paid the difference
between their average piecework earnings and the hourly rate, with the stipu-
lation that they continue to produce at the same level as they did on piece-
work. Finally, pieceworkers were to be considered “for transfer to any new
improved pay system.” Along these lines, it was decided by Lynn manage-
ment “to join this announcement and action [for the elimination of piece-
work] with the Pilot Program” and to “persuade Local 201 that this action
plan and the Pilot Program are in the best interests of both employees and
the business.” Thus, although the Pilot Program was not actually conceived
as a substitute for piecework earnings or as part of a strategy aimed at the
elimination of piecework, the two campaigns were by no means unrelated.
The union understood the connection immediately.?”’

In mid-July, shortly before the annual plant shutdown, the company
called a meeting with the union to reveal the plans to eliminate piecework.
From the outset, the elimination of piecework was linked with the require-
ments of numerical control; indeed, the proposed doubling of N/C equipment
was initially cited as the reason for the shift from piecework to daywork,

*Not everyone agrees that N/C and piecework are incompatible. Some Local 201 machinists insist
that there is plenty of room to “make out” on N/C machines, even if this means figuring out new
ways to work the angles. Indeed, as one union member pointed out, there is still some piecework on
the Kearney and Trecker Milwaukee-Matic machining centers (N/C), and operators are doing quite
well. See also “A Case for Wage Incentives in the N/C Age” made by two industrial engineers in
1971 (page 249). The point here is that N/C is not necessarily incompatible with piecework, as GE
implied. GE’s use of this argument was simply a rationalization and part of a strategy for implement-
ing an independent corporate decision to eliminate costly piecework—N/C or no N/C.



284 FORCES OF PRODUCTION

rather than the company’s desire to save money on wages, and, by so doing,
set the stage for the discussions of the Pilot Program which were soon to
come. “The introduction of new machines is forcing us to make a determina-
tion of doing away with piecework,” GE told the union, alluding to the
difficulties of fitting new work into the present rate system and the prospect
that there would no longer be “room for incentive, for beating the method.”
“We think most of the machine operators are going to be nothing more than
‘button-pushers.’ 7%

The union delivered the somber message about the elimination of piece-
work back to the membership and received the expected hostile reaction.
Union negotiators returned to the bargaining table to emphasize to manage-
ment how serious the matter was and to insist that some way had to be found
to “safeguard the earnings of these people.” (Two-thirds of them had twenty
years’ service with the company.) GE repeated its intention of doing away
with piecework and again stressed that the reason was N/C. “It is our opinion
that N/C equipment is not conducive to piecework,” and the company
pointed out also that if some N/C were put on piecework (in Building 74-2,
where the piecework was centered), “the first floor (N/C turning area) would
want it too.” GE argued that it was trying to help the workers, since, with
N/C, presumably the pace was preprogrammed and operators wouldn’t be
able to make a decent living. (The company did not attempt to explain why
workers who were already familiar with N/C would want piecework—seem-
ingly against their own self-interest. The reason, of course, was that it was not
against their own interest to be on piecework. Having had some experience
with the realities of N/C equipment, they were confident that it could be used
to increase their earnings.)”

Finally GE made its actual concern clear: “If we can find an incentive
system that we can control, that we could reasonably control, then we would
be willing to look at it.” The company insisted on the elimination of piece-
work but promised to work out some way of lessening the financial impact
on the people involved. The union suggested opportunities for transfer to
other piecework jobs, opportunities for classification upward, or red-circling
their present jobs to guarantee earnings while they remained. The company
spokesman hinted at the Pilot Program: “I think that if we were to think of
something new that would be profitable to both sides which would be in the
area of machine utilization and quality of parts. What we are saying is we
cannot use old methods to measure new machines.””*

The union discussed the piecework issue a few days later and tempers
flared. One participant pinpointed the connection between the elimination of
piecework in Building 74 and the bottleneck in the Building 74 turning area.
“The N/C area is in trouble,” he pointed out, and he accused GE of “trying
to bring in the Bedeaux [group incentive] system.” In response to membership
demands, Local 201 filed a “group grievance,” charging that the elimination
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of piecework violated the contract, and insisting that the work in Building 74
was “‘just as conducive to piecework today as it was in the past.” The stage
was set for the introduction of the Pilot Program concept—in August, as the
company had planned.”

Soon after the plant was re-opened following the summer break, Local
201 met with Lynn management to discuss the group grievance and GE
revealed its plan. The company continued to insist upon the elimination of
piecework but by this time had shifted its position slightly. Instead of focusing
upon N/C, the managers talked about changes in manufacturing as a whole
as well as confusion over wages and classifications. “Regardless of changes
in technology, we are trying to change the same old type of payment,” the
company now conceded. It sought a system it could control, “one that the
people cannot run away with.” However, getting back to the question of N/C,
GE expressed concern about what it saw as the erosion of operator skill and
responsibility, which had “faded away to other areas™ (i.e., the programming
office). Describing quite deliberate managerial and organizational decisions as
if they were part of some natural, inevitable process, company negotiators
gave voice to their self-fulfilling prophecies: “We can see the operator being
squeezed out and the responsibility removed from the job.”” The standards for
wages on conventional and automatic equipment were not compatible, they
contended; the old system was not applicable to N/C. Thus, they proposed
to launch an experiment which would enable them and the union to figure
out how best to classify N/C jobs and determine rates and also “to preserve
operator skill and responsibility.” In other words, GE used the thinly veiled
threat of deskilling the N/C operator job in order to attract the union into
the experiment. Management did not mention that, if the skill and responsi-
bility of the N/C operators were to be preserved, its argument against the
applicability of piecework to N/C would become irrelevant. Also, the deskill-
ing of the N/C job was never necessary to begin with, there being no technical
reason for the separation of programming and machine operating functions.
Finally, such a separation was counterproductive in terms of N/C utilization.
At any rate, in the spirit of adventure, the company unveiled its plans for a
job enlargement and enrichment experiment, with an expressed concern over
the fate of workers facing automation and, most important, with the telling
implication that nothing was set or inevitable, that things could be different
if there were reason enough to change them. “We would like to set up a Pilot
Program,” the GE spokesman announced.*

The Pilot Program would enable them “to see what it takes to produce
a piece of hardware,” the company managers explained. What responsibility
should the operator have—making or changing tapes, set-ups, quality con-
trol? “Should we make the hourly people button-pushers or responsible peo-
ple?” they wondered aloud, acknowledging both that such a choice was
possible and that they alone would make it. What rates and methods of
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payment should there be—hourly, incentive, salary? The company would
consider anything—within reason. Importantly, the GE negotiator indicated
at the outset that expansion of the Pilot Program to other areas in the plant,
including such conventional machining areas as Building 74-2, the site hard-
est hit by the elimination of piecework, was a real possibility. ‘It might make
sense,” he suggested, ““to start a second one [Pilot Program] in Building 74-2
a short time later.” (It was not by accident, therefore, that the union later
came to see the Pilot Program as a way of instituting a new permanent rate
to compensate for the old piecework system and as, ultimately, a plant-wide
transformation, embracing both N/C and conventional areas. As one union
participant recalled after the demise of the Pilot Program—reflecting GE’s
refusal to extend it to the conventional area in Building 74—*‘there was an
agreement to enlarge the thing from the outset.”)*

Initially Local 201 was skeptical and approached the Pilot Program
proposal with caution. “What is the ultimate goal of the company?”’ the union
wanted to know. “This is an overall problem,” the company spokesman
replied ambiguously. “We are willing to continue an incentive system that can
be controlled. We want to start the Pilot Program. We want to eliminate
piecework. We can’t go on forever. We want you people to observe and
participate in this program.”

The union was convinced that the Pilot Program was being used to divert
attention from the elimination-of-piecework issue and as a “sop” to those who
would lose money in the shift to daywork. The union negotiators, accord-
ingly, demanded that the two issues be disentangled and negotiated sepa-
rately. To convince the union that the Pilot Program was not merely a sop,
GE proposed to protect the earnings of pieceworkers by guaranteeing them
their average May earnings for two years, after which they would be on
straight daywork. This avoided the issue of what the day-rate would be after
the two years and whether or not it would be affected (increased) as a result
of the Pilot Program. After all, the piecework system had existed on these jobs
for over thirty years; two years’ protected earnings would not be so significant
if they were followed by twenty years of reduced earnings. The company
insisted that the Pilot Program was not just a few crumbs and promises
thrown to the workers. This time it was characterized as a solution to “sched-
uling problems.” By the end of the meeting, the piecework issue had more
or less been dealt with for the time being—piecework was officially scheduled
to end by mid-September at the very latest. Local 201 had decided to treat
the issues separately and had established two different subcommittees to deal
with them.*

“The objective” of the Pilot Program, GE explained, was “to study the
utilization of machinery.” There would now be seven Monarch machines,
twenty-one operators, three shifts, and two lead hands, and program condi-
tions included a bonus, eighteen-minute shift overlap (and thus built-in over-
time), flexible lunch periods, and no foremen. The company also added an
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hour per week lecture on numerical control. “The operators and the leaders
would run their area,” including maintenance, tape-reading, troubleshooting,
and the like. “Our thinking on this is that we want to see if the normal
operator is adaptable to this type of work. We are willing to spend a lot of
money on this program.” The company presentation was precise in some
details but noticeably vague about aims and expectations, actual responsibili-
ties and tasks. As one participant later recalled, the Pilot Program began with
a “black box approach”; “the management said, you do it how you want to.”*

Local 201 was somewhat uneasy about the vagueness of the program,
unwilling to join enthusiastically in such free-wheeling “‘experimentation.”
Unlike the company, the union and its members didn’t have the luxury of
making the mistakes that “science” necessarily entails, the resources to back
them up in this “learning experience” if it went awry. Although the bonus
was certainly attractive, the union understandably considered it to be merely
more compensation for more work. The question that concerned them was
what the nature of that work entailed and whether the bonus as offered
adequately or permanently compensated the workers, enabling them equita-
bly to share in the gains from expected increases in productivity. The union
was also very much concerned about crossing classifications and thus jurisdic-
tions with planners (International Federation of Professional and Technical
Engineers—IFPTE) and maintenance workers. In this, the union insisted that
there be no such crossing of job classifications and that any proposed changes
in job content would have to be discussed in the N/C subcommittee and
approved by local officers and the executive board. The union also demanded
that there be no “fence” around the experiment which would isolate it and
also immunize it from the terms of the regular transfer and layoff procedures
in the local agreement. It also challenged the company’s right to appoint the
lead hands, arguing from experience that these men might thereby become
“stool pigeons” for GE; haggled about the amount of the bonus and the
details of the job responsibilities; and demanded, in vain, to examine the
current data on scrap rate, machine downtime, and the like, so that it could
determine precisely the starting point, monitor the effectiveness of the pro-
gram, and demand a fair share of any gains. Finally, the union argued for the
right to terminate the experiment at any time as well as for the right of any
participant to return to his previous job (when available and without shift
preference—this question was voted on by the pilots themselves and approved
as such).*

The company agreed to most of the union demands, as they were anxious
to solve the bottleneck problem in Building 74. GE hoped to reduce overhead,
stabilize the continuity of the work force, improve worker attitudes and
thereby increase machine utilization—in short, to get a handle on how best
(most profitably) to use N/C equipment, and to determine job content, sched-
uling procedures, and appropriate pay systems. However, at the same time,
the company insisted that piecework was gone forever in AEG-Lynn, held on
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to its prerogative to select the lead hands for the Pilot Program, and failed
to provide the union with the baseline data it had requested, claiming that
it was not available.

Perhaps most important of all, GE did not clarify what “pilot respon-
sibilities” were, arguing repeatedly, to the point of near exasperation, that this
was precisely what the Pilot Program was set up to find out. “Should we make
the operators button-pushers or responsible people?”’ “Should we make the
tape right on the floor?” “What ought to be the operators’ role in scheduling,
maintenance, diagnostics, troubleshooting, inspection?’ The company in-
sisted that it did not know the answers to these questions, however uncom-
fortable that truth was for the participants and the union. “We don’t know.
We have not set any limits. They will start off the same as they are doing right
now. The people will set the pace. They will determine what they will do. We
don’t know what the heck they will do. We are going to allow the people to
make the determination as to how far they will go.” “We are now involved,”
they concluded solemnly, “in what could be the most progressive step blue-
collar workers have ever taken.”’

The Pilot Program began, then, with no firm data on start-up conditions
accessible to both parties and with no definite agreement on responsibilities.
The company promised, however, that “the people should be given a free
hand in the development of this program” and shared with the union its own
difficulties getting ‘“‘higher level management to keep their hands off.”” The
union was most concerned about what was going to happen once the lessons
had been learned. Who will gain and who will lose? It was an important
question, for a work force all too familiar with the management strategy of
stealing workers’ knowledge, without compensation, and using it against
them. GE, however, was getting impatient. “How far do the people want to
go?”’ management exclaimed; that was the question. The implication was that
the company was prepared to go that far too. (As it turned out later, it was
not.)*®

At last the union and the company came to an agreement. There would
be twenty-one operators and three leaders, chosen by the company; recruit-
ment into the program would be done on a voluntary basis, according to
seniority; there would be a 10 percent bonus plus one and a half hours per
week built-in overtime, flexible lunch breaks, no foremen, and paid training
in N/C for an hour and a half a week. As originally agreed, the experiment
was scheduled to last one year, and either party could withdraw at any time.*

Essentially, Local 201 entered into this agreement for the bonus—with
the backdrop of the loss of piecework—and as an act of faith. Ultimately, it
hoped to establish a uniform permanent rate and extend the latter and the
other aspects of the program throughout the plant. The union was also
seriously interested in creating more satisfying and meaningful jobs for the
membership, an idea that was enjoying wide currency at the time. Before very
long, there were more applicants for the Pilot Program than there were
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positions available. The great majority of the applicants were interested in the
bonus, although there were also some employees who desired an opportunity
to change the way they worked and expand their capabilities. As the program
evolved, however, more and more of the participants came to be motivated
by the non-monetary aspects of the experiment—the greater responsibilities,
skills, knowledge, the self-respect and dignity that come with being in control
of one’s life and work. It was in a spirit of expectation, relative goodwill, and
mutual respect, then, that the pilots, union officials, and participating man-
agement launched the Pilot Program, with a banquet in the fall of 1968.°

While the Pilot Program began in a rush of enthusiasm, there was also some
well-founded skepticism, and much confusion in the minds of all involved
about what it was they were embarking upon. According to the agreement
reached by the company and the union, the pilots, in addition to cutting
engine parts (finishing operations for J85 wheels and spacers and T64 parts),
were eventually to assume responsibility for a whole range of other tasks
formerly performed by quality control and production engineers, planners,
foremen, and other support staff. They were to be compensated for these
enlarged contributions, jurisdictional disputes were to be avoided, and, ulti-
mately, the program would establish a uniform permanent rate, to be ex-
panded to other areas in the plant, including conventional machining areas
—all with the aim of increasing output and machine utilization (and, as one
management memorandum phrased it, “counterbalancing the phase-out of
the piecework payment system”). All of this made perfect sense, in theory.*

From the very beginning, once the pilots had been recruited, the partici-
pants seized the initiative. With management encouragement they became
more involved in fixture repairs, tape debugging (working with program-
mers), diagnostics (working with maintenance personnel), inspection (work-
ing with quality control engineers), correcting planning sheets (working with
planners), and scheduling (working with production engineers). In the con-
text of such cooperation they developed new methods for tool orientation, and
tooling changes, and new cutting paths on all drawings. In addition, they
trained each other, especially those new to N/C, and gained an appreciation
for the complexities and difficulties inherent in the production process. They
came up with practical solutions to some of the problems. They recommended
that there be runners for expediting the movement of material and tooling
around the shop, that special attention be accorded to housekeeping, that the
pilots be given their own cabinets for controlling the use of standard gauges
as well as their own mini-tool crib to provide ready access to routinely needed
jigs and fixtures. In addition they requested that there be special set-up men
and proposed more in-process inspection for the parts coming into their area
from the roughing area (the quality of parts from the roughing areas had
deteriorated, somewhat owing to the fact that Pilot Program recruitment had
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depleted those areas of some of their best machinists). Finally, the pilots made
suggestions about scheduling, how best to load the area in order to achieve
the highest machine utilization.

From the outset the pilots confronted the problems that would plague
them throughout the duration of the program. There tended to be inadequate
cooperation and service from the support staff and at times outright hostility
and subterfuge when it seemed the pilots were violating professional and
jurisdictional territoriality. Self-discipline, housekeeping, and attitudes about
safety requirements were things that management continuously complained
about. For its part, the union criticized management’s failure to load the area
properly—thereby undermining the effort to increase machine utilization—
and to keep its promises with regard to instituting training programs, a
program newsletter, special uniforms, and maintaining continuity of manage-
ment (there were to be eight managers of the Pilot Program in five years’
time). In general, the pilots and the union quite early began to deplore what
they considered to be management’s halfhearted support for the program,
citing disruptive changes in quality control procedures, the use of productiv-
ity charts to document each individual’s output, and the availability of only
one planner on each off-shift. The training was a case in point. After pressure
from the participants the company finally began to provide the instruction in
N/C which it had promised. The participants demanded a full course dealing
with all aspects of the technology but management only put together a superfi-
cial program on N/C basics, orientation, binary mathematics, and machine
set-up and operation—no training in either editing programs or programming
itself. A full year into the program, the union was still noting that “there is
a question of how useful the schooling is under the present form.”*

The pilots suffered from a number of problems that were simply beyond
anyone’s control: the introduction of new parts, their unfamiliarity with the
paperwork required in running the area, the ill-timed vacations and business
trips of set-up men and other support staff, and a strike of six hundred
maintenance workers over pay. (Interestingly, that strike was apparently
influenced by the Pilot Program, in that there were union suggestions about
relaxing craft boundaries and setting up multi-craft units on a rotational
basis.) But the major problems confronting the program stemmed from the
continued lack of clarity over its goals, form, responsibilities, measurement,
compensation, and ultimate scope. Throughout the duration of the program,
Local 201 pushed repeatedly for greater clarification, while GE steadfastly
avoided it. What power do pilots have, the union wanted to know. “What can
be done? And what can’t be done if something has to be done? Will I have
the right to make the decision?” Workers wondered about how much they
had to comply with traditional company work rules, which applied elsewhere
(as close as right across the aisle), and they complained in frustration that they
were ‘“not being allowed to run the jobs” as they had been promised.*

The union was also concerned about crossing classifications and jurisdic-
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tional boundaries with support staff, about the still-ambiguous job descrip-
tions and responsibilities—“What constitutes a job well done?”’ one of them
asked about the uncertainty surrounding the amount and form of compensa-
tion, about the lack of agreed-upon criteria for evaluating the success or
failure of the program and the lack of data and documentation about such
indicators as scrap rate, productivity, quality, machine utilization, rework,
absenteeism, tardiness, turnover, and worker attitude and morale. Finally, the
union was preoccupied with the question “When and where will the program
be expanded?” In short, three central themes continued to run through its
position on the Pilot Program, themes that were present from the very start
of the negotiations: How will the program be measured and evaluated? When
and in what form would a permanent compensation be instituted (bonus,
salary, special rate, R-23 or higher)? When and into what areas (conventional
and N/C) will the program be expanded? The union posed these questions
at every opportunity until they had become almost a chant, of cooperation,
of defiance, and, ultimately, of desperation.*

In March 1969, a half-year into the experiment, the managers of the Pilot
Program conducted interviews with workers and supervisors in an effort to
gaugeits progress and gain a fuller sense of the experience. Both management
and workers were divided in their evaluation of the program, mixing reserva-
tions with enthusiasm and great expectations. Some of the more skeptical
workers expressed their concerns:

“We need to know as a group, how we are doing.”

“The program is paying off for the company and they should tell us that.”

“We are still not running the program; management still won’t let us.”

“I’'m still testing to see if it is on the level, not just ‘picking our brains.

“We would like to open up more—but we are wary.”

“Foremen don’t like the program—they don’t want it to ‘go’ because they are
afraid of losing their jobs.”

“Management is resistant to change, more so than we are.”

“They haven’t changed their feelings toward the shop worker.”

39

Others were delighted with the opportunity to develop their skills and to be
more in control of their work situation:

“At first I was only anxious—now I am more interested and more involved.”

“I find myself becoming more involved in problems because I am a member of
a group.”

“The guys are more interested and involved. They are learning.”

“When you go home you think about the job.”

“The job scope has been enlarged. I’'m now involved with planning a little more;
before I didn’t care if the planning paperwork was accurate.”

“We grab the planner rather than just sit there when something goes wrong.”

“You can’t just have a monkey push the buttons on the machine.”
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“We are human beings and want to be treated as such.”

“Some days you feel like working, others you don’t—a production goal is deter-
mined by my conscience. Doing a good job each day is the goal but you are
not going to get the same output each day.”

“I want to make more parts but not because someone tells me.”

“Management plays games with numbers. There is a lack of trust. Now, let us
do a fair night’s work and if management is not happy, let’s talk about it.”

“[Before the program] harassment was horrible. We were always working under
tension created by the foreman; now there is no tension without the foreman
and productivity is up.”

“I would hate to go back to work the way it was before.”

Workers’ skepticism was matched by that of management:

“It isn’t working.”

“The men are not at their work stations, the quality from the roughing area is
poor. There is a lack of discipline.”

“Quality is lousy.”

“There is still mistrust on both sides.”

“How much do we have to give before they respond?”’

“The participants are not convinced, nor do they know what the fruits of the
program are. I wonder if management knows.”

“Pacing is still a problem.”

“Planners are not responding to the operators.”

“There is a housekeeping problem in the area.”

“Utilization is not better.”

“Not everybody wants his job enriched.”

“We have always preached job specialization and job classification. Now we are
taking a hundred-and-eighty-degree turn and they are not prepared for this.”

“There are problems due to lack of supervision: housekeeping, men not working,
timeclock violations, safety glasses not worn.”

“Operators can’t manage themselves.”

“Put a hard-hitting foreman in there!”

And some managers were equally enthusiastic:

“The original and present feeling about the Pilot Program is ‘gung-ho.””

“We are very enthusiastic about the program and how it has gone.”

“The participants exposed bona fide problems that management was not aware
of.”

“Productivity is going up; they are on the right track.”

“Overall, quality has improved.”

“Productivity and utilization are up; this is a big improvement.”

“I would like to see the concept spread.”

“The program members solved the gauge problem, are concerned with inade-
quate or inaccurate paperwork and they identified a need for a set-up man.”



Who’s Running the Shop? 293

As they have shown, “some planned times are obtainable, others are inaccu-
rate.”

“The guys are working smarter.”

“There is much less pacing.”

“When a man does a fair day’s work he reads openly; with a foreman he hides
it.”

“We have found that they can run the area without a foreman.”

“Operators are involved in some decisions that direct labor people were never
involved in before.”

“It can’t possibly go back to the way it was before.”*

The Pilot Program, plainly, was different things to different people. What
one thought depended on where he stood, what he believed was possible, as
a matter of faith in his fellow human beings, and what he stood to gain or
lose if the program was successful. The initial year, then, was a period of
expectations and doubts, and it stumbled along in this ambiguous way while
participants on both sides of the occupational fence struggled with daily
problems and conflicts and strove for some clarity about the means and ends
" of what they were doing.

The first major interruption in the program evolution came in September
1969 with the 101-day strike of the allied electrical workers’ unions against GE,
an effort to end the company’s bargaining tactics and begin to reunite the
different unions in their struggles with the company. During the strike all
normal and experimental activities were halted and machines were manned
by supervisory personnel. When the workers re-entered the shop after the
settlement, the place was, in the words of one operator, a *‘shit-house,” and
there was a quarter of a million dollars of rework that had to be done.

Management had learned quite a bit about the realities of running N/C
equipment by the time the strike ended. It had discovered, for instance, that
the machines could not be operated by monkeys (nor even by supervisors).
The supervisors had learned after a while how to pace themselves so that they
wouldn’t burn out too quickly—something the work force had been trying to
explain to them, in defense of their own pacing, for a long time. Some
managers thus had become more sensitive to the realities confronting workers
on the shop floor.*

With pride over their apparent superiority to management when it came
to producing things, the returning workers quickly straightened out the mess
in Building 74, transforming piles of scrap into quality parts. However, by this
time their morale had begun to deteriorate noticeably. The effects of the strike
had generated frustrations and retarded movement toward the program’s
objectives. First-line supervisors had become increasingly hostile to the Pilot
Program concept, viewing its development as their demise. A period of uncer-
tainty with regard to military sales had also arrived, ushering in a regime of
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“austerity.” This meant tighter controls, cost-cutting measures, cutbacks, and
scrimping on vital support services. By the spring of 1970, the pilots were more
disgruntled than ever and the company was beginning to hint for the first time
that the program had failed. In this setting, the union once again demanded
data on the progress of the program, more training, a commitment on perma-
nent compensation, and some indication as to the future prospects of the
program.

The union complained vigorously about the apparent erosion in manage-
ment support for the experiment, citing poor scheduling and inadequate
services, and charged that management did not want the program to succeed.
After heated negotiations about whether or not to abort the whole thing, the
union succeeded in persuading the company to enlarge the scope of pilot
responsibility and give the concept of self-management a chance. The union
objective was to provide the pilots with more real control over the variables,
such as scheduling, that affected the program’s performance. There was, one
participant observed, “the emergence of the feeling in the group that the
program really did have a clear purpose, that job enrichment and self-direc-
tion were not just slogans.” The men wanted more responsibilities to prove
that the concept was sound, that the program could work. “Generally, we on
the program feel that we’ve made the point that we really are in the best
position [as operators] to make sound decisions about machine loading, sched-
uling the work for an area and making delivery commitments.” In short, as
one ardent supporter of the program put it, “We just want to be left alone.”*’

GE had been prepared for this new phase. Austin De Groat, manager
of the Pilot Program and a champion of the workers’ point of view, had been
lobbying strenuously for just such enlarged responsibilities, along the lines of
making the program a real “learning laboratory.” Under pressure from the
union and some of its own management, the company decided to move ahead
in this direction. “OK, we will let the pilots do everything and eliminate the
MSO [Manager of Shop Operations].” The men would now be allowed to
“run their own job” in that the scope of their activities would be enlarged to
include administration of vouchers, charting and evaluation of timekeeping
(pieces per operation, by machine not by individual operator), veto on incom-
ing parts from the roughing area (poor quality), and full processing responsi-
bility (paperwork) for all MRB’s (sent on to the military Materiel Review
Board for inspection and approval). The lead hand would now function as
quality control engineer, production scheduler, and distributor of work as-
signments (within a general quota for the group—just as in the old “gang
system”*). The pilots as a group would now do all administrative functions
and paperwork, except discipline (which the union and workers steadfastly

*For a full discussion of the “gang system,” as practiced at the British Standard Motor Company
and as an illustration of the compatibility of industrial productivity and worker decision-making, see
Seymour Melman’s Decision-Making and Productivity. (Basil Blackwell and Matt Ltd, 1958).
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refused to assume responsibility for), and therefore be in a position to take
into account the effects of indirect costs on their performance and actually
determine the best way of doing things, from their perspective.*

By June the pilots were “on their own,” as one manager put it. In terms
of group job enlargement this is when the Pilot Program really began, with
immediate results in increased output and machine utilization, and a reduc-
tion in manufacturing losses. As one union official remarked two years later,
“The fact that we broke down a traditional policy of GE [that the union could
never have a hand in managing the business] was in itself satisfying, especially
when we could throw success up to them, to boot.” The participants were
infused with a renewed enthusiasm about the program. They now worked
harder at developing new methods and clarifying precisely their responsibili-
ties, and thus what their job description and classification entailed. They
continued to harp upon the themes of permanent rates and program evalua-
tion and expansion. The cohesiveness and camaraderie of the group improved
markedly and there were frequent, informal meetings to discuss the program.
Some workers began to reflect upon the meaning of the program in more
ambitious terms. “If we’re all one, for manufacturing reasons,” one of them
mused aloud, “we must share in the fruits equitably, just like a co-op busi-
ness.”*

Meanwhile, the austerity in the military aircraft business generated a
renewed management intolerance of what it perceived as persistent problems:
housekeeping and discipline. Training remained woefully inadequate for the
preparation of the pilots for their new responsibilities. As one of the partici-
pants, who was responsible for production scheduling for the entire area,
recalled, there was little real training in scheduling, vouchers, and the like.
Management “didn’t want to share too much knowledge with the workers.
They just wanted to ‘pick people’s minds,’ > get their suggestions and know-
how and use them for their own purposes. Conflicts with the support people
in quality control, planning, and production also intensified, owing to the
expanded responsibilities of the hourly workers in the Pilot Program, respon-
sibilities which now seriously encroached upon jealously guarded territory.*

In December 1970, a half-year into this new expanded phase of the
program, the Local 201 membership voted unanimously to continue union
negotiations on the Pilot Program experiment. The prospect of expanding the
concept to other areas, such as that affected by the elimination of piecework,
now seemed more promising than ever. GE, however, continued to avoid the
central issues of evaluation, expansion, and the instituting of permanent rates,
preferring to emphasize instead the “experimental,” provisional nature of the
program. The company still backed off from any firm commitment.*!

Two months later, De Groat sent his superior an appraisal of the pro-
gram to date. He insisted that the program was “one of the few successful job
enrichment attempts undertaken in industry to date.” He felt confident in this
appraisal, having received a month earlier a letter from the vice president and



296 FORCES OF PRODUCTION

personnel director of TRW, Thomas Wickes, following Wickes’s visit to the
GE-Lynn plant. “I think it’s an even greater accomplishment than I thought
Monday,” Wickes wrote, “and I’ll bet it is more significant than you yourself
yet realize. You should all feel very good about that. Here is hoping you can
enlarge the project successfully.” But De Groat, for all his enthusiasm, knew
that there were serious problems too, and not a little confusion on manage-
ment’s part.

We still don’t know what job enrichment is. If we understood it, we might not
want it, or be able to provide it. We really don’t know what we want the Program
to do or to accomplish. We say we want utilization but we do not load or schedule
the shop for it. We say we want enrichment, but don’t understand it or know
how to provide it, or know how to get it.

In fact, we’ve given the Pilot Program members a moving target they may not
see and told them to shoot it with a pea-shooter. We’ve changed the operator’s
supervision to make him happier and he is, his work is more compatible with
his expressed needs, but we’ve not made him or enabled him to be significantly
more productive. We have not established a measurement system responsive to
the needs of the program members, company, and union. We're still fishing
around for ways to wholly establish what really are the gains or losses in tangible
ways.*

The humanistically oriented “‘experimenters,” as one union official called
them, knew that they were having trouble controlling and accurately moni-
toring their experiment. What was for them an experiment, however, was for
the union a serious effort to enlarge worker responsibilities and power, insti-
tute a uniform and permanent rate, and share these benefits equitably among
the membership. In March 1971, two and a half years after the program
started, the conflict over these disparate aims, and between an impatient
union and an intransigent company, surfaced for real.

“Let’s call a spade a spade. Boil it down,” the union representative
exclaimed. “If you’re going to expand—when, where and how? Bush [Lynn
manufacturing manager] has okayed the project. New York [corporate man-
agement] has become involved. We don’t want it to be just a school program.
We feel as though you are picking our brains and that you’ve already fared
well by the program. Yet, there hasn’t been equitable compensation to the
group involved. The rate very definitely is a question; you should identify
what the job content is; you should explain how it is going to be implemented
and there should be a rate set. This isn’t all news to you, is it?”” “Self-discipline
has worked,” he concluded. It should become ‘“‘the way of life.”*

GE had a mixed, and typically reserved, reaction to this outburst. The
company position was that it was not yet ready to evaluate the success of the
program, indicating inadvertently that it had not been keeping the records on
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the pilot data as had been promised. The company agreed in general at this
point, however, to try to reach some accord with the union on the matters
of rate and measurement. GE insisted, however, that setting a rate for just
twenty-two people was not possible and proposed that the program be en-
larged. After considerable debate over the data, the rate, and the size of the
expanded program (the union used De Groat’s 1970 figures, which showed a
net savings to the company of $190,000, to support its contention that the
program had been successful thus far), it was agreed by both parties that it
would be extended to include all sixty or so people in the entire N/C area (but
not those in the conventional area affected by the elimination of piecework).
This would include operators of the Monarchs, the old GE “mag tapes,” the
Potter & Johnsons, Le Blonds and Sundstrands. It was further agreed that
measurements would be kept on the group as a whole (not individuals), and
that a bonus of 16 percent would be given to the Pilot Program veterans and
10 percent to those just joining the program.*

In order to put these new bonuses into effect, the Lynn management once
again resorted to the loophole of “temporary rates,” as it had done at the
outset of the Pilot Program. This time, however, the move was met by stern
warnings from corporate headquarters. In May 1971, Don Sorenson, corporate
level manager of employee relations, sent a memorandum to Don Phillips of
the Lynn management, outlining the dangers as he saw them:

I have now had a chance to review the materials you sent. . . . Any such changes
[program extension] require approval under company policy 5.5 prior to im-
plementation. Questions I want to pursue include:

—What are the long-range implications for delegating management responsibili-
ties to hourly employees, especially in a unionized plant?

—The job descriptions are vague.

—Have we thoroughly evaluated other approaches underway inside and outside
the Company to improve motivation?

—Are the work packages in the Company’s best economic interests? Are we not
paying too much?

—By mixing measurable and non-measurable kinds of work have we not lost
control of both?

—Can we really identify the economics?

—If all elements of the controlled environment were eliminated . . .*

In spite of corporate management’s growing concern about the long-range
implications of the Pilot Program, in terms of both economics and manage-
ment authority and control, the Lynn management agreed to extend the
concept, for a trial period of fourteen months. It was further decided that at
the end of that period, in July 1972—roughly four years from the time the
union first learned about the Pilot Program—both parties would review the
entire experiment. Meanwhile, in March 1971, a month before the program



2 98 FORCES OF PRODUCTION

extension was agreed upon, the AEG management in Lynn held a joint
conference with faculty of the Harvard Business School to discuss the prob-
lem of * ‘Change’ as it affects the Factory.”*¢

The expanded Pilot Program, in addition to doubling the size of the experi-
ment and further altering the management and processes of production, also,
in De Groat’s words, “legitimized lots of hopes and fears (and built all the
pressures we would be unable to manage).” The hopes were crystallized, even
perhaps exaggerated, by a reporter for the Christian Science Monitor, Trudy
Rubin, when she came to the River Works in the summer of 1972 to write
a story about the Pilot Program. The media had taken an avid interest in such
experiments since the strike over automation and working conditions at the
General Motors plant in Lordstown, Ohio, in February of that year. Other
experiments in job enlargement and enrichment—at Chrysler, General
Foods,* Corning, Texas Instruments, Polaroid, Northwest Telephone and
Telegraph, Saab, Volvo, and Fiat—were receiving close attention as potential
solutions to the problems of alienation and the special tensions created by
automation.”’

Rubin interviewed participants and, in so doing, elevated in their own
minds the significance and the potentials of the program. The media attention
compelled them to place their own efforts in the larger context of U.S. and
even international industry. Her article, which appeared in September, was
entitled: “Do Workers Work Better Without Bosses?”” and carried a subtitle
which hinted at the answer: “One Way to Fight Boredom and Loss of Produc-
tion in Factories Is to Give Blue-Collar Workers More Responsibility.”
Rubin described how GE workers had assumed responsibilities for scheduling
and work assignments, and gave voice to workers’ views on the virtues of
eliminating the foreman. One participant exulted over their newfound free-
dom: “We could change our hours, change our shifts if we felt like a long
week-end or have a big party on Friday if we had our work done.” At the
end of her article, Rubin wondered aloud: “How far can this concept be
expanded within a plant? Can the whole plant ‘run itself’?”” She was not the
only person asking such questions that summer.*

In June, R. D. Grimes, vice president for Industrial Engineering of the
General Motors Assembly Division, visited the River Works to get a firsthand
look at the experiment. He wrote a lengthy report, urging General Motors
to try something along these lines (which GM did the following year in its
Tarrytown, New York, plant). “It is the best example of vertical job enrich-
ment that has yet been encountered,” Grimes reported. “It is proof that
problems can be resolved outside the grievance procedure with the proper
climate.” He observed that management at GE-Lynn “were able to increase

*See page 320 for evaluation of General Foods’ program.
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the utilization of equipment and people” and were now “‘experiencing reduced
scrap, rejects, defects and rework”; there were also “no grievances,” and the
shop was no longer a “bottleneck.” Grimes also noted that the program had
“increased operator’s interest in his work,” “turnover rate has improved,”
and “management knows that there has been cost improvement.” (He pointed
out also that management ‘“‘can’t prove it because a firm original base yard-
stick had not been established” and “numerous basic product changes” had
made it difficult to establish trends.)*

Grimes viewed the experiment as a promising success and suggested
strongly that GE management felt the same way. ‘“Most opinion seems to be
that it will be expanded, probably into the assembly area and perhaps in a
different form.” He also talked with the workers and recorded their enthusi-
asm. “Other operators in Building 74,” he observed also, “want the Pilot
Program to be expanded to cover them. They expressed to me retaliatory
measures if it is not.” Grimes summed up his report with a bold bit of
reflection: “We must face the problem,” he told his superiors in Detroit, “of
whether or not we are willing to give up some of the so-called ‘management
prerogatives’ in order to change the attitudes of the operators and get their
productive cooperation. I think it is a profitable investment.”

Lordstown had apparently made some General Motors’ executives think
about the shortcomings of traditional approaches to management. Grimes
was not blind to the difficulties which such new departures entailed, however.
He noted that absenteeism, for example, was on the rise at the River Works,
that some workers seemed to be ‘“abusing their privileges” (especially the
flexible lunch periods), that “discipline” appeared still to be a problem in
management’s view, and that operators in adjacent areas were resentful of the
pilots, as were threatened foremen and support staff. Grimes nevertheless
urged that General Motors try a similar experiment, but, judging from the
GE experience, warned that ““the decision-making process must be made clear
from the beginning. The people participating should know positively whether
top management wants the program to succeed or not.”*

Grimes had quite accurately described the situation at Lynn. Things
were promising but there were problems. The transition to the new products
was much tougher than the pilots and management had anticipated. And the
Lynn management, under pressure from corporate headquarters, began to
charge anew that pilots were abusing their privileges, and that discipline and
housekeeping had become serious problems. The continued austerity had
dried up the supply of services from support groups, as all departments strived
to cut costs as much as possible. The assimilation of new pilots was also more
difficult than had been expected. All in all, tensions were mounting, and
conflict over the issues of rates, continuation, expansion, and measurement
intensified. What troubled participants the most, as Grimes had pointed out,
was the ambiguity of their situation. GE had refused, from the outset, to make
positive commitments about the future of the program and, with relations
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between Lynn management and corporate headquarters becoming more
strained, the signals being given the workers and the union were more con-
fused than ever.®

This was the background for the July 1972 meeting between the union
and management, at which time the overall review of the Pilot Program was
scheduled to begin. Local 201 started off, not surprisingly, by requesting
information from the company about the matters of measurement, rate, and
expansion. GE, again not surprisingly, took a noncommittal stance. While
acknowledging that there had been an improvement in the attitude and
sophistication of the work force, and that there had been far fewer grievances
than before the experiment began, the company contended that it “saw no
significant decrease in labor cost, no improvement in machine utilization, and
no change in quality.” It also noted that the “flat line productivity is the
same.” This was the strongest negative position the company had taken thus
far, and it used graphs of production during the previous fourteen months to
prove its points.*

The union, which had been led to believe that the program was going
well, was taken aback. Its leaders were dismayed to discover that, after all this
time, the company was still using the same types of measurement—including
the percentage of tape time as the standard of machine utilization—that it was
using before the program began. The union argued that the real determinants
of machine utilization weren’t being measured at all, namely scheduling and
planning, and that company data didn’t tell the whole story. “As a way of
life,” the union insisted, “we feel the program is better.” The company didn’t
agree but, then, the “way of life” for the management meant controlling the
lives of others. “One of the problems the company has,” GE stated explicitly,
“is the total aspect of managing the program. If you wanted to expand could
it be manageable?”’®

Local 201 lobbied hard for continued expansion of the program, for the
inclusion of all N/C operators in Building 74, and the extension of the concept
and bonus into the conventional machine areas, as originally contemplated.
Union negotiators were keenly aware of the pressure building in the ranks.
In August fifty turret and engine lathe operators in the conventional area
signed a petition requesting information about the future of the Pilot Pro-
gram, demanding that they be included. Their steward sought permission
from Local 20r’s executive board to attend the meetings between management
and union on the program; “the people in the other areas want in,” he
emphasized, with a note of urgency. The folks outside the “fishbowl” liked
what they saw inside. The union had also come under criticism from the new
pilots, who were still only getting the 10 percent bonus, as compared to the
16 percent being given to the older pilots, for the same work. They demanded
equitable compensation. One participant later remarked that the company
had expected this, suggesting that the stratified bonus policy was part of the
company’s “divide and conquer” strategy to scuttle the program.*
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Under all this pressure, Local 201 demanded that the “Company should
stop sitting on the fence,” criticizing GE for improperly loading the area, for
neglecting maintenance (the Potter & Johnson machines were very much in
need of repair), and for wanting to divide up the pilots. It argued that there
should be further extension of the program and its benefits and that all of
those now getting 10 percent should be given the full 16 percent bonus. The
union subcommittee drew up its formal recommendations for presentation to
the company at the next meeting, highlighting the need for including all of
Building 74 in the program and for instituting a uniform and permanent rate.
Local 201 also demanded that the union and management subcommittees
meet regularly (the management subcommittee, established in 1968, had
barely functioned at all) and that full minutes be taken to insure ‘“more
exposure of the program in other areas” throughout the plant.*

GE countered this renewed demand for expansion by challenging the
union’s assumption that a “precedent” had been established by the program.
Once again, it emphasized that the entire program was merely “exploratory’:
not only were there grave reservations about the possibility of expansion,
there were also doubts about whether the program as it now existed would
be continued. The company argued that because of hard times economically,
there was no money to invest in the program as it was, much less money to
expand it. Besides, money shouldn’t be so central an issue. There could be a
pilot program, ‘““a new style”” of management (i.e., without foremen), without
affecting rate “or even enrichment.” “We do not feel,” GE intimated to the
union, “that money has to be the only motivation.” Local 201 agreed. Money
need not be the only motivation but it had to be one of them. “There must
be compensation for increased responsibility.”” The union urged that a “better
yardstick” be established—as Grimes of GM had recommended—to measure
the progress of the program, so that some commitment could ultimately be
made on the setting of a uniform, permanent rate. Pointing out that it had
to “keep New York advised,” the Lynn management made clear its views on
the matter of compensation. “Our position is well known in this and it is that
we expect the best quality at the lowest cost. On entry.” The union did not
have to be reminded, and left yet another meeting disgusted and frustrated,
with nothing of substance to deliver to the membership.*

The Lynn management was under considerable pressure, too, from cor-
porate headquarters. Sorenson’s memorandum to Phillips the year before had
made clear top management’s serious reservations about the way the program
was evolving. As one union official later recalled, “They really didn’t want
to expand; they felt that, if they expanded into the conventional area [as
Grimes of GM had predicted they would], there would be no end to expan-
sion.” According to another union official, management had always expected
that the union would call a halt to the experiment because of internal conflicts
between the pilots and other members and among the pilots over the different
bonuses. “The company was big enough to wait it out, using a strategy of slow
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attrition.” But this didn’t happen. Indeed, in part because of these internal
pressures, the union held on to the program and pushed vigorously for
expansion. Not only this, but as the program gained visibility, union locals
in other plants—in Ohio, western Massachusetts, New York, Kentucky, and
Georgia—had begun to think about the prospect of such a program (with its
bonus) in their shops. All this ferment concerned corporate management in
Fairfield.*’

In October 1972, the Lynn managers for the first time discussed seriously
the problems they were having with GE headquarters. They confided to the
union that they had come under ‘“‘sharp criticism” from their superiors.
“There is great concern over where do we go from here and how are we going
to be able to manage this concept.” Once again, the chief problem, as corpo-
rate headquarters saw it, was one of managing the area, and managing the
pilot concept itself. William Lytle, who had instituted a job enrichment
program at Polaroid around the same time and had kept himself informed
about the Lynn experiment, recalled that GE corporate managers were con-
cerned: that they had not been adequately informed by Lynn about the
program expansion; that the 10 percent bonus was disturbing the corporate-
wide pay classification system; that the vertical enrichment notion raised the
question of whether or not people could be fairly paid relative to other
company positions; that more fluid work group roles might not conform to
National Labor Relations Board definitions of exempt (salaried management)
and non-exempt (bargaining unit, hourly) jobs; that the corporation did not
approve of flexible starting times and unclocked lunch breaks; and that long-
er-term reliability of the Pilot Program as a means for securing better produc-
tivity had not been demonstrated. The Lynn management reported to the
union that the corporation was also concerned that off-shift (second and third
shifts) contributions to the overall effort were not as good as that of the day
shift and that there was still a problem of “pacing.” “What do I tell top
management about the pacing problem?’ Raymond Holland asked union
representatives.®

By this time it was apparent to the local that, however uncomfortable
the corporate pressure made the Lynn management, it had also provided a
convenient excuse for refusing to make any commitments. “Everybody paces
and so do you, Holland,” one of the union negotiators replied, exasperated
at this sudden return to “Go.” The discussion had now become reminiscent
of those “bottleneck” days before the program was instituted. The company
spokesman replied in kind, with a warning: “It doesn’t do the union any good
if ’'m not in a position to have this information for top management.” “By
the way,” he continued, “the advertisement in the Christian Science Monitor
written by that reporter in regard to the pilot program concept—when I went
to New York to help sell this program, the first thing they threw at me was
that article.” The favorable publicity about the program’s promise had stiff-
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ened corporate resistance markedly. “Can the whole plant run itself?” the
reporter had asked.

Challenged by corporate management over the progress and implications
of the Pilot Program, the Lynn managers did what managers do in such a
situation, when their decisions are being questioned; they ducked for cover,
a cover they called “hard facts.” While the union complained bitterly that ““all
we are getting is a continual runaround,” Lynn management conjured up
graphs and charts to document its “case” against expansion—thereby to
buckle under “‘gracefully” to corporate authority, and bow out of its home-
grown dilemma. “We do not feel we can do anything as far as expanding or
firming up rates,” the union was told at the next meeting. “The answers have
to be based on hard data, not my opinion or yours.”®

As Don Sorenson of corporate management had anticipated, it was
difficult if not impossible to come up with hard, objective, and reliable data,
without having established a sound baseline and also given the mix of jobs
and changes in product. Predictably, though also incredibly, the Lynn man-
agement once again trotted out the same measurements for machine utiliza-
tion. Comparing the performance of pilots with that of non-pilots for the same
period of time and same part drawing numbers, they used the ratio of total
tape time for the week to total vouchered time, to come up with, once again,
the percentage tape time. Unsurprisingly, they found no increase in utiliza-
tion. The union objected strenuously. ‘“The same old measurements are being
applied and the union is at a loss as to how you can measure this way.” “The
company has again failed to include intangibles, also ignoring the problem of
new parts, inadequate support, poor scheduling and loading, short runs [im-
plying more time required for set-ups], and the like.*™

Unfortunately, though the union’s criticism was damning, Local 201 had
no data of its own with which to counter the company. The criticism of
methodology, while correct, was not enough in this context. GE had suc-
ceeded in transforming the negotiations into a contest of numbers, and in this
contest only one side was armed. Thus, the union had unwittingly allowed
itself to be thrown on the defensive, without its own cover of “hard facts” for
protection, and, as a consequence, was forced into rather lame arguments:
“There must have been favorable data for you to have expanded the pro-
gram.” The company easily argued against that speculative claim, saying that
the program had been expanded simply on the basis of improved worker
attitudes and the hope that there might be better measurements with a larger
group. The measurements, sad to say, had turned out not to be so good. “If
there are benefits in the area of cost, there has to be a way to read it. We can’t.
We can’t deal in emotions. We have to see tangible improvements.”

Alluding to the pressure from the corporate level, the Lynn managers

*See footnote on page 316.
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drove home their point. “We want a return on our investment,” and, what’s
more, “the program poses a threat to our rate structure.” “The feeling of the
company,” they explained, “is when you take the next step the people in other
areas are faced with expectations. It may have effects on the rate structure
of the plant or in the company. We are not willing to take that step without
hard data to support it. We think the data prohibits expansion.” The union
had learned a lesson: that data (however bogus) talks almost as well as money
and that the combination, especially with power thrown in, is overwhelming.

“You hit me cold with this and 'm disgusted,” one disarmed union
negotiator declared in defiance, and resignation. Another charged that the
company, like the U.S. government in Southeast Asia at the time, subscribed
to the “domino theory”: if the program is expanded throughout Building 74,
where will it end? A third, realizing what had happened, sank into silence.
“Maybe we’ve been had,” he mumbled.”

The union was down, but far from out. “We are not going to withdraw.
We think the program is good,” Local 201 insisted. Later that month the
union subcommittee on the program drew up a defense of it. The company
was criticized for undermining productivity and machine utilization, for ab-
surdly emphasizing the utilization of machines at the expense of “needs of the
shop,” for the lack of investment, involvement, communication, and commit-
ment. The union charged that the Lynn negotiators were not in a position to
make decisions for the company and could not make commitments or even
be consistent, thus creating a lack of trust and the feeling on the part of the
union that it was getting the runaround. The subcommittee praised the pilots
for their teamwork, morale, and initiative and argued that the program
maintained work force continuity (thereby significantly reducing training
costs), reduced grievances, and solved manufacturing problems that would
never have been solved “with the old arrangement.””?

Most important, the subcommittee contended, was that the program has
given the pilots “the overall feeling that they run the auto-lathe area in real
decision-making.” For this reason the pilots ‘“resent middlemen and task
forces, which are really learning courses for management and a high-cost
item.” No doubt this explained the observation of Grimes from General
Motors, in his report on the Pilot Program, that “when dignitaries [he,
presumably] walk through the pilot area, the operators do not attempt to look
busy, if they are not. If they happen to be reading a magazine, they continue.”
The union considered such behavior as a manifestation of the overall feeling
of “pride” and “ownership” that the pilots had about their area. Management
saw it as a discipline problem, as insubordination. The union subcommittee
acknowledged that there might well be some discipline problems, however,
and suggested that a third party be brought in for consultation about the
matter (although without any authority to arbitrate). On the whole, the
subcommittee remained enthusiastic and committed to the program. “We feel
as a group,” its members wrote on behalf of the pilots, “that we are the most
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satisfied people in the whole machine business because of the freedom and
peace of mind this concept provides.””

The company was not impressed. At the start of recession year 1973, GE
seemed to have chosen to wait it out, insisting that the company “was not in
a position to expand” the program. Apparently, the union was still expected
to buckle under its own internal pressures. Those pressures were real enough.
“We can’t live with the condition where one group is working at 10 percent
and another at 16 percent and still others are on conventional machines
working to the rate of their job and not being in the program,” the union
complained in vain. The company could live with it.

Nineteen seventy-three was a relatively uneventful year for the Pilot
Program; on the surface there was little movement in any direction and few
meetings. Beneath the surface, however, tensions were building. In the spring
Local 201 received a request for information about the program from the
president of Local 191 in Rome, Georgia. Apparently, there was growing
interest in the experiment beyond Lynn. Two months later a Step II Griev-
ance was filed by those pilots who were still only receiving the 10 percent
bonus, charging the company with wage discrimination and demanding the
full 16 percent.” In March 1974 another meeting was held between the AEG
management and the Harvard Business School, to talk about the program,
about discipline, and about the prospects for the future.

One of the management participants estimated that the program was
costing the company $800,000 a year and that the benefits were slight in
comparison: ‘“no foreman and reduced scrap for a while.” The union pro-
tested vehemently. “We are learning,” one member insisted. ‘“Not everyone
with brains is in the methods engineering group!” Another pilot criticized
management for relying upon outdated measurements and reward systems
and for thinking too much about short-run profitability and too little about
long-run flexibility. He also reminded those in attendance about the essential
point of the program: the “need to keep developing the man with his hands
on the machine.” “Let him continue as a machine operator and still develop
his mental capability and responsibility.” The company had to learn, he
argued, “to shift its emphasis from a reliance on machines to a reliance on
workers.” He, like the other pilots present, insisted that the program was
working, and that the company would profit from it if only the management
would “relinquish control,” “let go.” It was wishful thinking.”

A week later Local 201 requested a meeting with management and once
again demanded the institution of a uniform rate, 16 percent for all pilots, and
expansion of the program to all of Building 74, which included conventional
machining areas. But the company had had enough. “The union or the
company had the right to withdraw at any time,” the company negotiator
reminded the union. “The company didn’t see any pluses for the Pilot Pro-
gram. The area was difficult to manage. The way we look at it, AEG manage-
ment, is that we will have to withdraw from the Pilot Program. We can’t
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expand, and we don’t want to keep meeting. We will have to call a halt. We
are prepared to talk about cutting out the program. There has to be a way
to phase out the program.” He closed with a warning. “We still expect
production to be put out when the program ends.” “Who made the final
decision?”’ the union wanted to know. “I thought the union would have
dropped it earlier,” D. W. Cameron, the new Lynn manager said. “No one
person made a final decision. The measurements did.” “We have been put on
the carpet on the corporate level,” the company spokesman explained. “The
final decision is we will withdraw from the Pilot Program.”’

The union tried one last effort to save the program and appealed to the new
plant manager, Cameron (whose predecessor had become a fatality of the
ill-fated program, having fallen out of grace for approving the 16 percent
bonus). “We accept the challenge,” the union declared. “We deserve the
program.” Cameron explained that he had heard about the Pilot Program
when some of the participants had visited Evendale, and at the time he was
impressed, although he thought some of the claims had been exaggerated for
promotional reasons. But, he explained, “we thought there would be a reduc-
tion in cost. New York level watched it. If it had been a success they would
have expanded it.” Cameron said again that he never expected the union to
press so hard to keep the program: “I felt that the union wouldn’t let it
continue with other N/C equipment receiving a lower wage.” At any rate,
he concluded, “We can’t have two wage rates and we can’t expand.” How-
ever, he was prepared to reconsider aborting the program and possibly agree-
ing to a trial continuation. This decision reflected a number of factors. For
one thing, Cameron had come to Lynn just two months earlier and was
reluctant to make a hasty judgment on secondhand knowledge. For another,
there was trouble in the shop. After the news of the termination of the Pilot
Program had filtered down to the floor, seven people had walked out sick and
there had been slowdowns in effect ever since. ‘“People are pissed off,” Hol-
land warned. “We expected it to happen” but “it must stop!””’

Cameron admitted that he was “pessimistic’’ about the outcome and
again voiced his disapproval of two sets of rates, work rules, vouchering
procedures, and discipline in the shop, arguing that it “couldn’t fit within the
overall GE system.” But he decided to allow a trial continuation of the
program. This time, however, there were to be conditions and standards
against which the progress of the program would be measured. The condi-
tions, in fact, made a mockery of this “trial” and, for all intents and purposes,
signalled the end of the Pilot Program. There was to be no expansion, and
the 10 percent pilots would not be promoted to 16 percent. Foremen would
be back on the floor on all shifts, to enforce work rules; the eighteen-minute
overlap between shifts would no longer be a condition of the program (it
would now be at the discretion of the foreman); and there would be no more
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flexible lunch breaks or starting times. The program progress would be mea-
sured against normal GE financial criteria; there would be weekly meetings
of a shop level union-management committee to monitor progress and there
had to be a thirty days’ notification if either party decided to withdraw. “If
Local 201 cannot accept these conditions,” the company stated, “we will go
forward with our original plans to abort.””®

On March 31, there was an emergency meeting of the pilots. They were
furious about what they perceived to be the scuttling of the program, under
the guise of a “trial continuation.” They voted to retain the original concept
of the program, to insist on the 16 percent bonus for all, to push for the
institution of a permanent rate and extension of the concept to other areas,
and to strike if the company aborted the program. Local 201 officials, how-
ever, argued for the acceptance of the conditional program in order to at least
retain the bonuses, an argument that appealed to many. The local also felt
it should salvage what it could. If it couldn’t retain the concept, the workers
could hold on to the money. This, of course, angered a number of the pilots
who were the most ardent champions of “the new way of life” in the plant
and they attacked the union leadership, accusing them of selling out to the
company.”

Understandably, the union was upset over the conditions and strongly
insisted that “the role of foremen should be as limited as possible.” There was
also hope that there would be another chance to save the program. “We
should prove our case and we will,” Local 201 declared, through “honest
effort” and “‘continuing meetings.” “[Let’s] find out today and measure from
that point”; there is no need to “worry about the flip flops” of the past. “You
don’t have to worry about history’’ now that we have a clean, unmarked slate.
There was a resolve to look forward. The following week, at a special meeting
of the pilots, the membership voted to continue the program for a period of
time necessary “to review the entire operation for proper evaluation.” Mean-
while, in the shop, the new (old) regime was taking hold.*

Austin De Groat, the program manager whom many of the pilots consid-
ered its real champion, observed in retrospect that “the pilot program should
have ended in 1973. By that time it was clear it wasn’t going to fly with New
York; it wasn’t going to be expanded. It shouldn’t have been allowed to drag
on, like a cancer patient. This is why the cancer lingers on now.” He was
probably right. The trial of the pilot program was in reality its systematic and
painful undoing. With the return of the foremen to the area, it was designed
to “break’ the pilots of their newfound ‘“habits” of self-reliance, self-disci-
pline, and self-respect.®

The get-tough tone of the trial was set by Bob Henderson, the new
manager of shop operations, at the very first of the weekly shop level meetings
between union and management. He announced the reinstatement of fixed
lunch periods and the punching of clock cards and warned that the “reading
of newspapers and books at workstations is not a normal shop practice.” He
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also laid out his plans for measurement of the program’s progress; he would
monitor absenteeism, shifts realized versus shifts available, idle time, scrap
and MRB’s, and product cost. He noted that “a minority group of pilots”
were “still not performing ‘pilot-type responsibilities,” ”” and assigned one of
the veterans the task of articulating these responsibilities and indicated that
“wherever possible the union and shop management will work to correct the
situation before management does it unilaterally.” The union refused to issue
a listing of pilot responsibilities (presumably to avoid the appearance of
collaboration in what was a very tense situation), so Henderson undertook the
job himself. Meanwhile, he notified his superior of three incidents of pilots
leaving the plant, one incident of abuse of lunch period, and a few instances
of operators allegedly being “coerced into restricting output.” In general, he
reported, “There has been good progress in improving the pilot image” but
he also pointed out that “old habits are beginning to return.” No alarmist,
though, he promised his superior that “a concentrated effort will be made in
this area” to insure that things remain under control.®

Henderson outlined the “Responsibilities of Pilots,” indicating what
would now be expected of them and also the areas in which there was “room
for improvement.” He made it clear—for those who still did not understand
—that the “trial” or the “renewal” of the Pilot Program was in reality a
return to a pre-pilot “way of life.” Responsibilities included:

”

¢ Operators’ work for a foreman:
The primary purpose of the foreman is to provide discipline and manage the
area. Foremen will keep overtime lists, enforce safety glasses, production
procedures, quality control procedures, and make all work assignments. Oper-
ators will report to the foreman at the start of a shift for work assignments,
turn in labor vouchers daily at the end of the shift.

¢ The 18-minute overlap will be at the discretion of the foreman. Lunch periods
will be standardized, and monitored by the foreman.

e Operators will:
work with planning to develop, debug or cost-reduce a job
work with machine repair to expedite maintenance, when directed to do so by

the foreman
work as a team to expedite a set-up, when directed by the foreman
report a down machine to maintenance and to the foreman
get new work assignment from the foreman
advise the foreman of any impending problems of which they may be aware
grind or modify tools as necessary
expedite rework and MRB’s
maintain log at workstation
do repair work
train and assist inexperienced operators
cooperate with quality control or any other support personnel to support
business requirements
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The “pilot responsibilities” were familiar enough to the pilots, who had seen
their job description evolve over the previous four years. But now these
activities had been placed in a very different, and oppressive, setting. Essen-
tially, the trial was an effort to ‘“capture” the gains of the program for
management by incorporating the new enlarged pilot responsibilities within
a traditional managerial framework. As one participant noted at the time,
“The role of foreman must be reduced or the Program will be little more than
the conventional ‘Theory X’ tradition of management we have been trying to
change.”®

Henderson did not merely try to retain the pilot duties and place them
under the jurisdiction of foremen. He also added some new ones. First, he
suggested getting rid of the ‘“set-up man,” which the pilots had introduced,
proposing instead that each operator should set his own tools. Second, he
insisted that on some jobs—such as T65 spools—one operator must run two
Monarch machines, again a throwback to the “bottleneck” days in Building
74. Finally, he recommended the elimination of the “leader” position and thus
also the elimination of the 10 percent bonus for all R-22 leaders in the
program. Apparently Henderson’s assignment was to tighten up the ship. He
thus spelled out in some detail what he called “areas for improvement”:

e operators must maintain good housekeeping as part of the job (idle time
vouchers would not be accepted for this)

o eliminate extended lunches

¢ no reading of newspapers or magazines

e improve sloppy methods of handling paperwork

e improve attendance

e punch clock cards. If a punch is missing the foreman will sign the card at the
time it is presented; no retroactive write-ins

e no group coffee breaks

e no visiting. Get foreman’s permission before leaving the area

e stop the “Childish Games”:
painting a red heart on a freshly painted floor in the tool-setting area
“BULLSHIT” stencils throughout the Pilot area
locking telephone in voucher box
removing speaking amplifier from telephone
using obscene language in log books
problems between pilots: tearing up each other’s vouchers, hiding someone’s

tool box, clock cards, etc.

The new regime had apparently revived old antagonisms and tensions be-
tween participants as well as between labor and management. The “childish
games” practiced by the pilots, routine in most plants, were in reality one
direct way the participants could express their rage at what was happening.®

Finally, Henderson got to the heart of the matter: production. He de-
manded that all pacing be stopped immediately and insisted also that each
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pilot “work a full shift” and “eliminate the attitude that there are a certain
number of pieces to do and when that number is met the work is done for
the day.” In other words, Henderson was challenging the notion, enthusiasti-
cally endorsed by both pilots and management at the start of the program,
of “a fair day’s work for a fair day’s pay.” The rule now was: Do what you
are told for as long as you are told. In 1969, one pilot said that production
was determined by ‘“his conscience.” Now that was not enough—his con-
science had been replaced by the foreman.

As one participant recalled later, “The Program had been scrapped; they
returned the foremen and took away enrichment, flexibility, self-control and
relaxed time.” Henderson, having described in detail the guidelines of the new
regime, closed with a warning that: “Those who can’t support, maintain, and
live up to program requirements will be transferred.” This threat put teeth
into the get-tough strategy, and it would be tested soon enough.?

It is not hard to guess the reaction management got from the pilots to
their new approach. Henderson soon was reporting to McCormick that
“there is a real Pilot vs. Management attitude in the shop. Many pilots don’t
want to assume responsibilities and are reluctant to monitor and enforce
housekeeping. They don’t repair another man’s parts, arguing ‘let the fore-
man do it since that is what he is being paid for.” ” A month later, Henderson
reported that he was having some “problems with pilots who won’t cooperate
for the good of the group,” trouble-makers, “goof-offs.” (Some former pilots
have argued, in retrospect, that most of these goof-offs had been planted in
the program by management to ‘“‘sabotage” the trial, “make the group look
bad.”) “In an effort to overcome this attitude,” Henderson continued, revert-
ing back to Taylorism and an individualistic human relations approach, “I
will hold a series of private talks with individuals who in my opinion show
a lack of group cooperation.” Henderson told the workers that these would
not be talks of a disciplinary nature but the union thought otherwise and
demanded that a steward be present at all such meetings. Henderson agreed
to the representation but tried unsuccessfully to restrict it to stewards from
outside the area.®

The situation got progressively worse as the program came unstuck. By
returning the foremen, management had sabotaged the trial effort. At the very
beginning of the experiment the pilots had made it very clear what they
thought of foremen; they had charged that it was the foreman breathing down
their necks that created the tensions and the discipline and production prob-
lems that ensued. When the foremen were eliminated from the Pilot Program,
discipline became self-discipline; the pilots were under their own control, just
as their production came under the supervision of their “conscience’ alone.
In both cases, there were marked improvements. With the foreman back on
the floor, discipline once again became external rather than internal; produc-
tion became an imposition rather than “a fair day’s work.” Predictably, both
suffered as a consequence, and now management used this decline as evidence
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that the program was a failure, that the pilots were not capable of self-
management.

Again and again, management utilized this slippery logic to condemn the
program. In mid-June, Henderson reported that “the second-shift foreman
was absent all week and the third-shift foreman was absent Friday. It was my
decision not to provide alternative foreman coverage in order to gauge the
progress of the ‘pilot’ concept. From this point of view, the results appear to
indicate that this decision was a mistake.” The following week, idle time and
absenteeism had increased and, again, the question of discipline and the role
of the foreman arose. “A problem may be developing again in the area of
pilot-management relations,” Henderson noted cryptically. “Every pilot
should understand that the foreman’s job is to assist the people on his shift
in solving problems and to provide direction to the people on his shift. Often
this assistance is to tell a man how to do a job or how to solve a problem,
and not to do it for him. This response should not be misconstrued as not
helping. If there is ever a time when the Pilot Program functions without a
foreman,” Henderson admonished the pilots, “all aspects of the job will have
to be handled by the pilots themselves.” The pilots were by now seething with
rage and frustration. Henderson reported the same week that “all the mea-
surements had deteriorated. Housekeeping had slipped, shifts were blaming
problems on each other, and there were clock card violations on lunch as well
as on punching in and out of the plant for a shift.” “This will be investigated
further and corrective action will be taken,” Henderson assured W. McCor-
mick, his superior. Meanwhile, as one former pilot later recalled, “Everyone
was coming under a lot of pressure; people were being pressured individually
to give up the pilot program.” Management used promises and, if they didn’t
work, threats.’”

Measurement results continued to be ‘“disappointing” and Henderson
opined that they “appear to indicate a lack of commitment on the part of most
program members.” In July Henderson’s unsuccessful effort to get one opera-
tor to run two Monarch machines on the T65 spool job was “still unresolved”
and he called it a “people-related problem.” “‘Several pilots,” he noted, “are
beginning to adopt the attitude that the program will be ended because the
measurements are bad and therefore they don’t much care anymore. If
enough people assume this attitude, they will be right.” Meanwhile, though,
“the foreman will continue to make daily audits of the operations to verify
that planning is being followed.”’*

On September 18, 1974, the tension surfaced and exploded. Apparently,
the company was primed to suspend a worker to put its threat to a test and
set an example. Teddy Markee was transferred out of the pilot area for an
alleged time-card violation. There was an immediate walkout, and an emer-
gency meeting with the union. Local 201 protested against “the way they are
disciplining people in the Pilot Program.” “It has come to our attention,” the
union negotiator observed, “that there has been a change in policy. We feel
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that policy needs some clarification.” After some negotiation, Markee was
reinstated in the pilot area, but the point had been made: the pilots were being
“broken” and management was prepared to enforce its threats of suspension
when it felt the new rules had been violated. The incident with Markee,
however, led to the replacement of Henderson with F. J. Keneally (whose son
was a pilot), and of McCormick with R. P. Eisenhaure.

The change in management changed little else. In October Keneally
reported more evidence of the deterioration of the program: “tardiness is a
serious problem,” “no-shows for overtime,” “poor vouchering,” “unreported
scrap,” “no ‘causes’ for MRB’s,” and, worst of all, “low production.” Around
the same time, David Gelber published a long article in the Boston Real Paper
(October 9, 1974) describing the demise of the program. Predicting termina-
tion of the experiment, and echoing Grimes of General Motors, Gelber
blamed the company. “They feared that acknowledged success of the Pilot
Program,” he wrote, “would inexorably pressure them to surrender tradi-
tional management prerogatives on a plant or industry-wide basis.” De Groat
considered the article the best, most accurate report on the program.®

“Some pilots,” Keneally complained, “‘are overly sensitive to criticism
or any other attempt to improve our image, or our measurements, particularly
our output.” But he promised Eisenhaure that he would try hard to get things
in order. “Whenever anything is being measured and these measurements do
not meet expectations,” he assured his superior, “every effort will be made
toisolate the cause, investigate and make whatever corrections or adjustments
that are necessary to meet these measurements. This is a fact of life.” It
sounded good in theory, but it didn’t quite work out in practice. Keneally
routinely gave people a hard time on housekeeping and productivity and the
pilots resented it, and him. One morning Keneally was disturbed by the
sloppy housekeeping and ordered all operators to shut down their machines,
pick up brooms, and get to work cleaning the area. But he forgot to tell them
to stop. So, like the Sorcerer’s apprentice, diligently and obediently working
to rule, they continued sweeping up all day long.”

In January 1975, Professor Louis Davis of the Quality of Working Life Center
at UCLA corresponded with union officials about the possibility of doing a
“case study” of the Pilot Program. Local 201 was interested but, apparently,
the company was not. One of Davis’s associates, Joel Fadem, wrote a short
paper, based primarily on Gelber’s article, which he published in the Journal
of the Numerical Control Society, and shortly thereafter the two academics
tried to obtain GE’s permission to conduct their study. The company, how-
ever, wanted to avoid collaboration with the union on such an undertaking
and therefore Fadem and Davis proposed to do two parallel studies, one based
on the union version, the other on that of the company. After a few months’
deliberation, however, GE decided against it. As Fadem later explained, the
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primary reason was that “they didn’t want to stir up the dust again while
trying to finally get rid of the 10 percent pay bonus which still existed.” As
a result of the company’s decision not to cooperate, the Quality of Working
Life Center scrapped its plans. As Fadem said, the Center didn’t want to do
it without having both stories.

By this time corporate management had made its decision to terminate
the experiment. In February, Lynn management announced the decision in
formal terms.

We are hereby serving you thirty days notice that we are terminating the AEG
Pilot Program. We are willing to negotiate a transitional program. We feel you
tried to make it work but failed. We will try to make every effort to treat you
fairly.”

Later that week, the company elaborated on its decision, which had been
executed by Cameron, and began discussions of the proposed phase-out.
Interestingly enough, GE used the example of the phasing out of piecework
as a precedent, to illustrate what it intended to do. The Pilot Program, of
course, had been used, in part, to soften the blow of the elimination of
piecework and, in the union’s view, to establish a new permanent day-rate
which would offset, in the long run, the loss of piecework earnings. The
program bonus was always understood to be, and was even sold to the
corporate management by Lynn as, a “temporary” solution to the earnings
problem. Now, with piecework long gone from Lynn, and without any new
rate having been instituted, this temporary measure was also being phased
out, going the way of piecework. It took more than a decade to do (the
phase-out ended in 1979) but GE finally got everything it wanted: an N/C
day-rate restricted to R-19 (without any bonus and with new job responsibili-
ties to boot), information on how most productively to use the new equip-
ment, a more flexible job description for operators, and, on top of all that, no
piecework system that the operators could “run away with.”

Local 201 must have realized that it was all over, although for two more
meetings the negotiators tried in vain to hold on to the Pilot Program. But
there was “no way to save the concept,” the company insisted. “Definitely
the goals have not been met. The company cannot manage this type of
operation. The decision has been made to terminate and it is final.” “The next
thirty days,” it advised the union, “should be spent with the interests of the
people” in mind.*

GE indicated its willingness to soften the blow by extending the bonus
through a gradual phasing-out period, much as it had compromised to protect
the earnings of pieceworkers for a few years, back in 1968. However, the
company knew how to compromise from a position of strength. “As long as
we are paying the rate,” the company reminded the union, “we expect the
pilots to function the way they have. When the transition period is over,
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maybe the people won’t be doing certain things that they do now related to
the program. But if we have a transition program and give the people some-
thing we will expect something in return.”*?

The union, facing the prospect of a compromise, tried to stick to its guns
on the issue of a permanent rate. “We don’t accept your decision,” one official
declared. “We understand that the pilots can run any machine in the group.
We're getting into the rate. The requirements call for a rate increase.” The
company refused: “Where N/C equipment is involved, no increase.” The
union, rather halfheartedly, tried one more time to salvage the program. “Is
there any avenue we can use not to eliminate the Pilot Program? Taking
another look at the program all we can say is that it has been a plus. Once
again, the union requests that the company take another look at the decision
that has been made.” The company spokesman responded: ‘“The decision has
been made clear that we are terminating the Pilot Program.” Attention was
now shifted to working out the terms of the phase-out agreement: the period
of time, the maintenance of earnings, transfer procedures, training, replace-
ments, upgrades, and the like. The union leaders bit the bullet hard, knowing
that a confrontation with the company at this point might jeopardize the
extension of the bonus, that an “all or nothing” attitude might well result in
nothing. But they realized that the settlement would be hard for many of the
pilots to swallow and they became apprehensive about delivering the news to
the membership. “We would like to get a few meetings under our belt,” to
begin to work out the details with management, they told the company
negotiators, “before we get back to the pilots.”*

Local 20r’s apprehension about telling the pilots was understandable. In
the shop, the reaction to the news of the termination was predictable. Man-
agement now complained about the “attitude of the people in the shop” and
about the resulting low “productivity and quality.” “We are going to take
some action soon,” Keneally warned. “We still have a business to run. We
still want people to cooperate.” The union blamed the company for the
deterioration of work and relations in Building 74, and complained vigorously
about the increasingly oppressive approach management had adopted. One
of the pilots came to a meeting to describe an incident in which he was
involved. “Last night I had a tape that had a problem in it. I brought it to
the foreman’s attention. The foreman [Kelly] told me ‘to get off the shit, you
know you can cut it.’ I told him that if I cut the part with that tape that the
parts could be scrapped. Kelly told me to ‘Mickey Mouse around with it and
that he was the foreman and he wanted me to cut the parts.” >’ The spirit of
the Pilot Program, which encouraged initiative when there were problems,
was under direct assault, with noticeable results. As in 1968, quality was
sacrificed for output and the scrap rate soared. ‘“We are just showing you the
attitude of management,” one of the veteran pilots told the company negotia-
tors; “we just want everything to run as normal.” “Again,” one union official
chimed in, “we are telling you that management is causing these problems,
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not our people.” The veteran pilot offered the company a prophetic sugges-
tion, a warning: ‘“We suggest you take a serious look as to how you are going
to conduct this N/C area.””

The company insisted that shutdowns, work stoppages, and overtime
bans would jeopardize the phase-out and cause it to unilaterally remove the
bonus. GE also continued to argue that the R-19 rate was permanent. “How
can you expect people to be R-19’s when there are many added responsibilities
that are not involved in any other area?”’ the union wanted to know. “The
Pilot Program has brought many new innovations and you can’t just tell
people to do certain things above and beyond the R-19 rate. You have added
many things in this area that you will incorporate in other areas. We went
to great lengths with you in this area and you said you were checking other
areas in Evendale.” The company wouldn’t budge. “We were lied to up to
the bitter end,” one union official recalled.’

“We are not willing at this time to establish a rate over the R-19 rate,”
the company argued. “We are not willing to incorporate a different rate
structure into this agreement.” One of the union people warned, “We will be
grieving as far as the rate is concerned. We feel it is impossible to go back
to the old system.” It was a familiar refrain in the Pilot Program, since the
pilots believed they had made history and that history couldn’t go backwards.
But back to Go it was. One participant recalled later that the union was
“scared,” and justifiably so. It seemed to Local 201 officials that they had no
recourse but to abandon the pilot concept and try to get the best deal they
could for the membership. The pilots themselves, however, were not all ready
to submit to this change. For some of them, as they later reflected, the Pilot
Program was the most exciting thing they had ever been involved in, at work
anyway, and they were loath to give it up without at least a fight. As one pilot
remembered, ‘“Some of the guys really didn’t want to see it go. They were even
willing to sacrifice the bonus—just don’t bring back the foreman!” A group
of thirteen of them—they called themselves the “Dirty Dozen”—refused to
accept the phase-out and lobbied strenuously for the continuation of the
original concept and the institution of a permanent rate. They were convinced
that they were being sold out not only by the company but by their union as
well. They urged the others to join with them and fight for the Pilot Program,
with a strike if necessary.

But money talks. One of the Dirty Dozen remembered that the final
meeting on the matter was a travesty. “The union officials gave their double-
talk spiels and the vote was the kind that was intentionally confusing, where
a ‘yes’ meant no and a ‘no’ meant yes. They didn’t want the people to
understand.” But, whether everyone understood or not, enough of the pilots
opted for the money, for the phase-out. There was to be no valiant last stand
for the Pilot Program. The company had scored a decisive victory, having
placed the union in a defensive position of trying to hold on to the scraps,
the debris of the demolished Pilot Program.*’
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Following the vote on termination by the pilots, which sealed the fate of
the program, the union tried in vain to get the company to clarify what the end
of the program meant in terms of worker responsibilities. The company, char-
acteristically, was as vague in its discussion of what responsibilities would now
be ended as it was, in the beginning and throughout the program, about what
the responsibilities were to be in the first place. “Can you lay out in writing how
you are going to phase out the pilot responsibilities?”’ the union asked. “We
can’t,” the company replied. “It would be impossible.” “You could grieve on
this at a later time,” the company suggested, confident that by that time the
matter would pretty much be settled in its favor. GE was clearly trying to hold
on to all the gains, without specifying exactly what they were so that the union
could not demand compensation. In ten years of negotiations over N/C equip-
ment, the union had still been unable to force the company to clarify new job
descriptions and, in so doing, justify a rate increase.’®

In the termination agreement that was signed by both parties, effective
April 7, 1975, there was thus no mention of worker responsibilities. The
agreement did specif'y, however, that all employees would be assigned an R-19
classification and it spelled out in detail the terms of the phase-out, which
would last until 1979. Significantly, the agreement contained a discipline
clause—evidence of the fact that the company was indeed compromising from
a position of strength—to the effect that the ‘“adder” (bonus) would be
eliminated if there was trouble. The phase-out was being held over the union
—effective until 1979—to insure discipline and cooperation. “The parties
agree,” the document reads, “that there shall be no slowdown, overtime ban,
or any other activities by any individual or group that disrupt the production
or manufacturing operations in the area. In the event of such activities the
adders for those involved may be discontinued.”?

On April 23, 1975, D. W. Cameron sent a memo to his staff about the
termination agreement, which would “gradually phase out this sociological
experiment from the normal workforce setting.” After briefly describing the
details of the phase-out program, Cameron emphasized that the rate would
be kept at R-19 and warned that “output reductions by an individual will
result in immediate termination of any adder.” Turning to the implementa-
tion of the agreement, Cameron explained that the work-scope of exempt
personnel in the area had been changed around so that two foremen and one
production scheduler could be brought in without increasing the Indirect
Maintenance Expense head count.* “These personnel will inherit the duties

*This, of course, raises some questions about whether or not the Pilot Program had in reality been
cost-effective. If three new supervisors could now be added to the area without additional expense
simply by changing the work-scope of support staff, management had either learned new things about
managing the area or the pilots, now R-19 machinists, had assumed some of the burden (and, thus,
potential expense, without compensation) of the manufacturing effort, or both. Whatever the benefits
of the program—and this author believes that it was a paying proposition—they all went to the
company in the long run, and not to the workers.
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of scheduling, discipline, and other shop controls that the pilots were theoreti-
cally supposed to be handling.””'*®

In October 1975, seven years after the Pilot Program was officially launched,
GE called an emergency meeting with the union. “We have problems in
Building 74, first floor,” management said with some alarm. “We are heading
on a collision course, a direct confrontation.” The problem was the new
foreman, Frank Wright. Back in March 1969, when the participants had been
interviewed about their view of the progress of the Pilot Program, one man-
ager had decried what he saw as the breakdown of discipline. ‘“Put a hard-
hitting foreman in there,” he suggested. Six years later, the company did just
that. As one participant later explained, “Wright got paid to do a job. He was
their hatchet man. He got a monster uniform and monster pay.” The new
foreman was candid about his assignment, even with the workers, or, rather,
especially with the workers. He told one participant that he had been put in
there “to wipe out the area” and warned that “he was just getting warmed
up.” The union wanted the company to discipline Wright for what it consid-
ered his abuse of the workers in the shop. The company agreed to “look into
it” but insisted that “we see nothing wrong with the foreman asking about
production.” The workers on the floor thought otherwise, and soon took
matters into their own hands. One day, sacrificing a day’s pay, everyone called
in sick. Wright was soon transferred out of the area. Even a “hard-hitting”
foreman couldn’t get the job done when no one showed up for work.'!
The former pilots demanded to have some clarification of their respon-
sibilities now that the program was over and done, and they received a single
typed sheet which signalled the “return to normalcy.” “The ex-pilot mem-
bers,” it explained, addressing them now as just R-19 machinists, “will not
be expected to extend themselves in the future as they have in the past.”
Former pilot responsibilities “will be taken care of by planning, foremen, and
supervisors.” The manager, who had not been involved in the experiment
himself, nevertheless reminded those who had that the Pilot Program hadn’t
been all that glorious. He pointed out that Local 201 had gone along with the
program “even though it included preferential treatment, job classification
infringement, and disharmony among co-workers of the same rate” in the
hope of gaining ‘““an alternative wage structure between a piecework system
and a day-rate operation.” The manager seemed to be voicing the latest
company line on the experiment. The “ultimate desired result,” the manager
continued, “was a happy worker, given the opportunity to function as an
individual, justly compensated and given the chance to advance with incen-
tive to better himself or herself on an incentive basis to better advancement
within each one’s capability.” “In theory,” he philosophized, “this idea could
be ideal,” and “in actuality this type of operation would benefit the company
and workers tremendously.” “However, it is unfortunate that the Pilot Pro-
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gram failed.” He went on briefly to cite some of the reasons for the “failure,”
pinning the blame on everyone and no one. (“The measurements did it.”) “It
is unfortunate,” he repeated, but it was over. “It is expected,” he closed, “that
the ex-pilots will accept the transition graciously” back to the old ways.!®

In the eyes of some management supporters of the “experiment,” the Pilot
Program was terminated because management as a whole refused to give up
any of its traditional authority. ‘“Productivity may be less real an issue to
management than conformity to established work rules,” one manager sur-
mised, adding that “resistance to changed management-operator relation-
ships may be more threatening to and less desired by management than by
operators.” On the whole, he observed, “management is never able to truly
rid itself of the notion that only it can do the ‘managing’ job [and that] the
operator’s ideas are less acceptable because they are only the operator’s
ideas.” In other words, the Pilot Program foundered on the basic contradic-
tion of capitalist production: Who’s running the shop?'®

To GE’s top management, the union’s desire to extend the program
appeared as a step toward greater worker control over production and, as
such, a threat to the traditional authority rooted in private ownership of the
means of production. Thus the decision to terminate represented a defense not
only of the prerogatives of production supervisors and plant managers but
also of the power vested in property ownership. If the actual requirements of
production called for a relaxation of shop floor supervision and less authori-
tarian decision-making within the plant, such measures could be tolerated—
but only within limits. In the final analysis, these limits were determined by
a consideration far more fundamental than that of profitable production,
namely, the preservation of class power.

The Pilot Program experience disclosed the limits, for workers and their
unions, of such participation programs. The experience indicated that: first,
to the extent that such programs actually serve as a vehicle for enlarging
worker power, they will invariably run up against the larger limits set by
capital and hence be terminated. Second, to the extent that they contribute
to morale and, hence, production, without challenging managerial authority,
they will be encouraged—at labor’s expense.

Participation in such programs can indeed be a liberating and exhilarat-
ing experience, awakening people to their own untapped potential and also
to the real possibilities of collective worker control of production. As one
manager described the former pilots: “These people will never be the same
again. They have seen that things can be different.” But the excitement and
enthusiasm engendered by such programs, as well as the heightened sense of
commitment to a common purpose, can easily be used against the interests
of the work force. First, that purpose is not really “common” but is still
determined by management alone, which continues to decide what will be



Who'’s Running the Shop? 319

produced, when, and where. Participation in production does not include
participation in decisions on investment, which remain the prerogative of
ownership. Thus participation is, in reality, just a variation of business as
usual—taking orders—but one which encourages obedience in the name of
cooperation.

Second, participation programs can contribute to the creation of an elite,
and reduced, work force, with special privileges and more “‘cooperative”
attitudes toward management—thus at once undermining the adversary
stance of unions and reducing membership. As one former GE manager
suggested, alluding to the Pilot Program, ““it may be that management focuses
its attention on looking for ways to enrich individual jobs because such
enrichment is then more easily controlled by management.”

Third, such programs enable management to learn from the workers—
who are now encouraged by their cooperative spirit to share what they know
—and then, in the Taylorist tradition, to use this knowledge against the
workers. As one former pilot reflected, “They learned from the guys on the
floor, got their knowledge about how to optimize the technology and then,
once they had it, they eliminated the Pilot Program, put that knowledge into
the machines, and got people without any knowledge to run them—on the
Company’s terms and without adequate compensation. They kept all the
gains for themselves.” It may be that GE used the Pilot Program as a labora-
tory, to learn how to manage such participation programs in order to reap
the benefits yet retain full control.

Fourth, such programs could provide management with a way to cir-
cumvent union rules and grievance procedures or eliminate unions altogether.
This potential was certainly seen by GM’s Grimes when he witnessed the
Pilot Program in action. “It is proof,” he reported to his superiors in Detroit,
“that problems can be resolved outside the grievance procedure with the
proper climate, that some operators can be ‘turned on’ productively that were
hard-core union activists.” “In summary,” Grimes concluded, ‘“we must face
the problem of whether or not we are really willing to give up some of the
so-called ‘management prerogatives’ in order to change the attitudes of the
operators and get their productive cooperation. I think it is a profitable
investment.” Apparently, General Motors agreed, judging from the scope of
that company’s “quality of worklife”” (QWL) efforts—used primarily to mini-
mize conflict within unionized shops and to minimize unions in new plants.

In short, the managerial contradictions inherent in the use of capital-
intensive technology such as N/C, which prompted the introduction of the
Pilot Program at GE, are embedded within the larger contradictions of
capitalist production. And these contradictions place limits upon and ulti-
mately chart the course of such participation programs. If, as was the case
at GE, such programs are not really “experiments” as such but desperation
moves by management to achieve production goals, neither are they indica-
tions of an alleged growing sophistication on the part of management. If
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traditional Taylorist methods do not work, in the wake of new technological
developments, managers may embark upon new, seemingly more enlightened
ways. But if their power is threatened (or other opportunities arise, such as
recession-induced unemployment), they will just as readily revert to old-
fashioned coercion if they believe it will get their job done—new technology
or not. If there is a pattern here it is a familiar one, the pattern of power. And
there is no evidence yet that capital is willing to abandon or even to share its
power merely to enhance production; production is secondary, power pri-
mary. Hence, for labor, such programs, aside from their educational value
and perhaps invigorating effect, are likely to constitute false promises of a
possible future that actually demands a broader social vision, greater power,
and a far wider arena of struggle.

The demise of the GE Pilot Program followed the typical pattern for
such “job enrichment experiments.” At the Topeka dogfood factory of Gen-
eral Foods Corporation, for example, a similar scheme was introduced around
the same time as the Pilot Program, with similar results and consequences.
Here too teams were formed and workers were made responsible for a wide
range of decision-making; job rotation replaced strict division of labor, team
leaders took over from foremen, and management hierarchy gave way to
seemingly more democratic processes. And here too “the system worked,” as
Seymour Melman noted. During four years of operation, the program re-
sulted in a unit cost reduction of § percent, a decline in turnover and job-
related accidents, and an annual savings to the company of $1 million.

But although, as Melman concluded, “the system was a success economi-
cally,” it too was terminated, having become, as Business Week put it, “too
threatening to too many people. There were pressures almost from the incep-
tion,” the magazine noted, “and not because the system didn’t work. The
basic reason was power. Some management and staff personnel saw their own
positions threatened because the workers performed almost too well. . . .
Lawyers, fearing reaction from the NLRB, opposed the idea of allowing team
members to vote on pay raises. Personnel managers objected because team
members made hiring decisions. Engineers resented workers doing engineer-
ing work.” “Finally,” Melman noted, “the firm’s central office put an end to
this ‘experiment.” By 1977 top management of General Foods was discourag-
ing further publicity about its Topeka enterprise and would not let reporters
from the business press into the plant.”'*

At GE, once the decision to terminate had been made, publicity about
the Pilot Program was likewise curtailed. And, in the Lynn plant, manage-
ment undertook at once to return to the “old ways,” to try to reassert its
power over shop floor production. Foremen clamped down, creating strict
new work rules, issuing warning notices and even imposing six-month proba-
tion penalties for such minor “infractions” as eating a sandwich on the job
or glancing down at an open book. Group coffee breaks were eliminated and
supervisors otherwise tried to keep worktime conversation between workers
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to a minimum. In addition, management re-introduced time study men and
also the regular use of “percentage tape time” as a measure of machine
utilization.

In returning to the old ways, however, in order to regain control over
production, management once again ran up against the contradictions of N/C
use that had prompted the creation of the Pilot Program in the first place.
Tensions mounted in the shop, resulting in deteriorating morale, a loss of
cooperation, and increasing turnover and absenteeism. Illegal work stoppages
again became commonplace, as were blatant pacing, insubordination to fore-
men, “bad attitudes” (especially among former pilots), and general feelings
of hostility and resistance to the goals of production management. Before long
machine utilization plummeted, along with output and quality, and the Build-
ing 74 N/C turning area again became a serious bottleneck in production
operations at the River Works.

In opting for control, GE management thus knowingly and, it must be
assumed, willingly, sacrificed profitable production. Hence the Pilot Program
experience illustrates not only the ultimate management priority of power
over both production and profit within the firm, but also the larger contradic-
tion between the preservation of private power and prerogatives, on the one
hand, and the social goals of efficient, quality, and useful production, on the
other (assuming, for argument’s sake, that aircraft engines are socially useful
products). For not only did management’s decision to terminate the program
lead to further abuse of the work force, it also resulted in a loss for society
as a whole, which was denied the full fruit of publically created technology.

It is a common confusion, especially on the part of those trained in or
unduly influenced by formal economics (liberal and Marxist alike), that capi-
talism is a system of profit-motivated, efficient production. This is not true,
nor has it ever been. If the drive to maximize profits, through private owner-
ship and control over the process of production, has served historically as the
primary means of capitalist development, it has never been the end of that
development. The goal has always been domination (and the power and
privileges that go with it) and the preservation of domination. There is little
historical evidence to support the view that, in the final analysis, capitalists
play by the rules of the economic game imagined by theorists. There is ample
evidence to suggest, on the other hand, that when the goals of profit-making
and efficient production fail to coincide with the requirements of continued
domination, capital will resort to more ancient means: legal, political, and,
if need be, military. Always, behind all the careful accounting, lies the threat
of force. This system of domination has been legitimated in the past by the
ideological invention that private ownership of the means of production and
the pursuit of profit via production are always ultimately beneficial to society.
Capitalism delivers the goods, it is argued, better, more cheaply, and in larger
quantity, and, in so doing, fosters economic growth—or what used to be
called the “wealth of nations.” The story of the Pilot Program—and it is but
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one among thousands like it in U.S. industry—raises troublesome questions
about the adequacy of this mythology as a description of reality.

In 1971, the Department of Health, Education, and Welfare commis-
sioned a study of “work in America,” in response to growing worker unrest,
waves of wildcat strikes, spreading sabotage, and a noticeable deterioration
of production and the so-called work ethic. The HEW was concerned, primar-
ily, about the potential threat this represented to existing institutions—un-
ions, management, capital, and, of course, the government itself—and sought
ways to ameliorate the situation. Published in 1973, just as the Pilot Program
was being phased out, the HEW study suggested strongly that greater “partic-
ipation” was vital not only to improve production but also to preserve the
legitimacy of existing institutions: “Several dozen well-documented experi-
ments show that productivity increases and social problems decrease when
workers participate in the work decisions affecting their lives.”

Yet, in the face of this evidence, confirmed in part by its own Pilot
Program experience, GE preferred to rely primarily upon more traditional
ways of preserving this power, and more futuristic ways of improving produc-
tion. (In newer plants, particularly in the South, GE did employ “quality
circles” and other “participation” devices to promote efficiency, initiative,
and loyalty, and to forestall unionization. But these were carefully controlled
and circumscribed devices, not so far-reaching or potentially destabilizing as
the Pilot Program.) Thus, at Lynn, GE set out to destroy not only participa-
tion itself but even the memory of participation. Management undertook to
try to disperse the former pilots, through transfers and upgrades out of the
union bargaining unit, in an effort to break up their cohesiveness and shatter
their shared memories of collective control over production. Rejecting partici-
pation, the company opted for a brute force solution to its problems in the
short run and, in the long run, for yet another technological fix.

As already noted, with corporate level encouragement, plant supervisors
continued to clamp down upon an ever more recalcitrant work force and
sought ways not only to reassert but also to extend management control over
production. In the mid-1970s the union discovered that the company was
using video equipment for surreptitious motion studies and shop floor surveil-
lance and, a few years later, was applying its new “SAM” computer-based
factory data collection system to monitor workers and machines as well as
the flow of materials. At the same time, the company embarked on an even
more ambitious automation program, in its quest for a system of production
that depended less upon participation and less still upon workers—the auto-
matic factory. Management at GE-Lynn again doubled its procurement of
N/C equipment and linked the machines into a centralized Direct Numerical
Control (DNC) system appropriately called “CommanDir.” In addition, GE
moved, with the encouragement of new Air Force and Department of Defense
automation programs, toward a fully integrated computer-aided-design and
computer-aided-manufacturing (CAD/CAM) production system. While the



Who'’s Running the Shop? 323

Lynn management unveiled its plans for, first, the “paperless factory,” and,
then, “the factory of the future,” corporate GE made a half-billion-dollar
commitment to becoming ““a world supermarket of industrial automation.”
Embarking upon a ‘“‘sweeping automation program” within its own factories,
the corporation announced its intentions to replace at least half of its hourly
work force with robots.'*



Epilogue:
Another Look at Progress

The forces of production are visibly making history today, as the second
Industrial Revolution unfolds before us. Once again the machines of industry
have taken center stage in the historical drama, as the drive for ever more
automatic processes becomes a virtual stampede. But, as this study indicates,
such machines are never themselves the decisive forces of production, only
their reflection. At every point, these technological developments are me-
diated by social power and domination, by irrational fantasies of omnipo-
tence, by legitimating notions of progress, and by the contradictions rooted
in the technological projects themselves and the social relations of production.
If, as historians Elizabeth Fox Genovese and Eugene D. Genovese once
wrote, “history is the story of who rides whom and how,” then the history
of technology is no exception.! Technological determinism, the view that
machines make history rather than people, is not correct; it is only a cryptic,
mystifying, escapist, and pacifying explanation of a reality perhaps too forbid-
ding (and familiar) to confront directly. If the social changes now upon us
seem necessary, it is because they follow not from any disembodied technolog-
ical logic but from a social logic—to which we all conform.

Viewing technological development as a social process rather than as an
autonomous, transcendent, and deterministic force can be liberating (if one
ignores the awesome force of social power), because it opens up a realm of
freedom too long denied. It restores people once again to their proper role as
subjects of the story, rather than mere pawns of technology, and the behavior
of people is never so deterministic as Nature or formal logic. And technologi-
cal development itself, now seen as a social construct, becomes a new variable
rather than a first cause, consisting of a range of possibilities and promising
a multiplicity of futures. Moreover, close inspection of technological develop-
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ment reveals that technology leads a double life, one which conforms to the
intentions of designers and interests of power and another which contradicts
them—proceeding behind the backs of their architects to yield unintended
consequences and unanticipated possibilities. Similarly, for all the deliberate
care and preliminary planning that goes into them, technologies rarely fulfill
the fantasies of their creators. As people are fallible, so too are their machines,
however perfect, complete, and automatic the designs. Finally, if technologi-
cal development is a social process, it is, like all social processes, marked by
conflict and struggle, and the outcome, therefore, is always ultimately indeter-
minate.

These insights are liberating in that they soften the determinism that has
so long numbed and pacified the victims of technological progress. Cynicism
and fatalism give way to a guarded optimism, a reawakening of the political
spirit. Thus, if some remain passive, they may nevertheless draw comfort from
the imperfections of the technological order and wait patiently for the inher-
ent shortcomings to accumulate, for the designs of domination to collapse of
their own weight. Others passively watch the contradictions of technological
development unfold, confident that, despite the intentions of those in com-
mand, the new technologies will lay the foundation for a more humane future.
Certain more active optimists work to exacerbate the internal flaws and to
exploit the unfolding contradictions, to push the process forward, to hurry
it along in the name of humanity. The more imaginative among these strive
to identify the alternative possibilities latent in the existing apparatus and to
develop them before their time, so to speak, to demonstrate technical oppor-
tunities that must await changes in political power. Some believe that their
alternative designs will of themselves automatically bring about such political
changes, and hence propel us on to another historical cause. Others, more
sober, view the promotion of alternative technologies as a tactic, a way of
raising consciousness about the larger structure of power in society and the
need for a broader political struggle. Viewing technology as a social process,
all find ample evidence to support their claims.

If the move beyond technological determinism is liberating, however, it
is also replete with false promises. Exhilarated by newfound freedom and
vision, and enthusiastic about technical alternatives, the optimists easily lose
perspective, exaggerate the possibilities, and underestimate the realities of
social power that continue to shape the technological future. Those who await
the imminent collapse of the edifice of domination will be disappointed, for
with power come numerous options and the power to deceive. For those who
pursue a more active course, the odds are overwhelming and the hour is late.
(Without the requisite power and time to advance them as a means of libera-
tion and fulfillment, alternative technologies will inevitably be derailed or
turned into their opposite: further, perhaps more subtle, means of domi-
nation.) More important, the technological optimists, passive and active alike,
themselves succumb to the very notions they formally reject: a fetish for
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technology, a belief in technological progress, a technologically determined
liberatory future. They are still stuck in the web of beliefs that legitimates the
lack of freedom in capitalist America, and have yet to learn that there are no
technological promises, there is no technological salvation. Thus, for all their
efforts, and despite the contradictions, the future continues to unfold in its
socially determined way, with technology serving at once as the vehicle and
mask of domination. And, at this point, there is nothing worth mentioning
standing in the way.

The advent of microelectronics, perhaps more than any development in recent
times, has inspired hopes of a more promising future. Cheaper computer
power, coupled with the belated efforts of manufacturers to penetrate the job
shop market and overcome the onerous hurdles of programming, has given
rise to more accessible hardware and software and to technological possibili-
ties heretofore denied. The latest generation of machine tool automation is
called “computer numerical control” (CNC) and it suggests at first glance a
return to operator-centered machining. “Numerical control was developed
backwards,” one control engineer explained to the Society of Manufacturing
Engineers recently. “The first MIT control was a complicated, expensive
monstrosity touted as the answer to mass production of complex machine
parts for military aircraft.” But “due to N/C’s lack of infancy, ten years of
regressive development was required before N/C [could make] its greatest
contribution to industrial productivity. This contribution was a simple, eco-
nomical control easily adaptable to small machine tools. However, N/C
retained the complex programming of its birth. It has taken an additional ten
years . . . to develop the components and devices . . . to limit size and
programming complexities so that N/C is now practical in the small job
shop.””? Cheap and reliable computer power, first in the form of the minicom-
puter and, ultimately, in the form of the microprocessor, made possible
sophisticated yet flexible and easy-to-use “programmable’ controls, with pro-
gram storage capacity at the machine tool itself. This technical capacity
reawakened at least some designers to the possibility of operator access,
program editing at the machine, and even shop floor programming. With
editing capability built into the control, the operator would now be able not
only to change programs in order to optimize machine use (and his own
convenience and safety) but also to create new programs from scratch. With
so-called manual data input (MDI), the machinist would be able to construct
a program step-by-step while machining a first part, by simply storing instruc-
tions in the machine’s memory as he proceeded. Designers, delighted with the
flexibility of the latest electronic controls, and striving for more economical
and accessible systems, stumbled upon the forgotten machinist and began
belatedly to imagine ways of incorporating him once again into the control
loop, beyond just the overrides.
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Thus, Bendix, belatedly following Caruthers’s lead, introduced its Dyna-
Path CNC systems, featuring programmable controllers, manual data input,
and tape-editing capability, and announced that “short run and simple pro-
grams can be produced while actually cutting the first part.” General Nu-
meric, a U.S. subsidiary of both the German firm Siemens and the Japanese
company Fujitsu Fanuc, introduced a microprocessor-based CNC control for
lathes, milling machines, and machining centers, sporting ‘“‘unique program-
ming features” such as “blueprint programming,” a simplified manual pro-
gramming method which takes input in blueprint form and automatically
calculates geometric data and machine instructions. General Numeric em-
phasized the “simplicity, versatility, and reliability” of its systems, and em-
phasized that the new controls were “basically designed for at-the-machine
MDI programming with ‘teach-in/playback’ capability.” (Despite the name,
this is not a record-playback approach, since there is no actual recording of
motion, only the insertion of simplified numerical instructions.) Finally, to
return to the scene of the over-complicated crime, graduate students at MIT
in 1980 developed a simple, low-cost N/C control, based upon a simple digital
shaft position encoder, which renders numerical control fully accessible to
small shops. As if they were announcing a wholly new approach to machin-
ing, the young inventors excitedly pointed out that the system “is an interac-
tive one that requires data input from a human operator who obtains the
information from drawings of the part being machined.”?

This latest generation of computer-based machining technology, made
possible by cheaper computer memory and developed to overcome the prob-
lems generated by the earlier generations of numerical control, certainly has
enlarged the potential for operator-centered production. ‘“The versatility and
capability of CNC appears to be limited only by the creative capability of the
firmware designers,” John Duncan told his colleagues in the Society of Manu-
facturing Engineers. Eugene Merchant, research director of Cincinnati Mila-
cron—the nation’s largest machine tool builder—has waxed eloquent about
the “endless opportunities which computer-automated manufacturing sys-
tems offer for participation in decision-making, or participative management,
through interactive type software programs and other features.” And three
German engineers from Hamburg, in their “thesis on work enrichment on
N/C Machines with Microcomputer,” have pointed out that, with CNC, it
is possible to substitute decentralized planning, greater flexibility, stable pro-
duction, job enrichment, and worker control for the closed, authoritarian,
inflexible, and unreliable approach characteristic of earlier N/C. To be sure,
to some extent this new potential is being realized in smaller shops* and some
larger ones, where managers are eager to elicit worker participation in order
to increase machine use. But it would be a mistake to exaggerate this tendency

*For a glimpse of the realities of N/C use in a small New England job shop, see Roger Tulin, 4
Machinist’s Semi-Automated Life (San Pedro: Singlejack Books, 1984).
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or to find comfort in the promise of a technologically induced reversal of the
overriding drive toward the automatic factory. Since the realities of power
have not changed, neither has the dominant thrust of the technology.*

Propelled anew by intensifying competition and the increasing costs not
only of labor but of energy, raw materials, and capital, and driven as before
by the interwoven impulses of management, the military, and technical en-
thusiasts, the rush toward the automatic factory and the queer quest for a
perfectly ordered universe continue unabated. Grounded still upon an impov-
erished view of human beings and a systematic denial of their potential, the
search for total control consists in an ever more elaborate and costly effort
to construct a profitable, militarily effective, and technically elegant apparatus
that is not dependent upon the cooperation and resources of the mass of the
population. Clothed in sophisticated apparel, the effort appears supremely
rational but is so only within the narrowest calculus and in a social context
marked by highly concentrated control over the means of production and its
corollary, antagonistic relations of production.

In the wake of a renewed cultural offensive of scientism and progressiv-
ism, the drive for total automation is promoted in the name of patriotism,
competitiveness, productivity, and progress. Its twin aims, however, remain
control and domination, and the extravagance of the effort is matched only
by its absurdity. Thus, Time magazine, announcing that as “the computer
moves in—a new world dawns,” concluded 1982 with its annual ‘“Man of the
Year” cover story. Only this time, the man was a machine. “Several human
candidates might have represented 1982, but none symbolized the past year
more richly, or will be viewed by history as more significant, than a machine:
the computer.” And the symbolism was reflected in the language of manufac-
turing: “In the past,” the American Machinist observed, ‘“humans were both
translators and transmitters of information: the operator was the ultimate
interface between design intent . . . and machine function. The human used
mental and physical abilities to control machines.” “Today,” however, “com-
puters are increasingly becoming the translators and transmitters of informa-
tion, and numerical control is perhaps most representative of the kind of
control that plugs into that greater stream with a minimum of human inter-
vention.” Thus, “the manufacturing industry is favoring the purchase of
machines with controls that require less operator attention to oversee the
process. It talks of machine tools with sophisticated automatic controls that
will work in groups with two-way communication with higher level comput-
ers. . . . It does not seem likely that, in the hierarchical system contemplated,
the operator will exercise much judgment.”*

Thus, while General Numeric advertises its CNC system to job shops in
the name of shop floor editing and operator control, the company promotes
its wares to managers of large firms in the interest of “better security” and
greater management control. “Since bubble memory is a part of the CNC,”
the company points out to prospective purchasers, “it is possible, where
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desirable, to prevent the operator from tampering with the part program.
Access to the memory through the manual data input can be locked out, and
all programming can be dumped into the bubble memory from a DNC
system.” In other words, the operator who could contribute his own creative
intelligence and store of skills to the production process using the CNC
control—in order to increase machine utilization and stabilize production—
can be locked out of the management-controlled “greater stream” of produc-
tion by bringing the supremely flexible and accessible machine control under
the direct but remote command of a central management-controlled com-
puter. “TOTAL COMMAND: Introducing The Management-Run CNC Jung
Surface Grinder,” reads one advertisement in the September 1982 issue of
Modern Machine Shop. “Management-Run?”’ the advertisement asks, driving
home its central message, “Why Not? Install a terminal in your office and you
can control it yourself. . . . The operator simply loads and unloads.”¢
This is precisely the approach taken by General Electric, where manag-
ers now fantasize about the “paperless factory” as well as machines without
men. Here, as elsewhere, operators are routinely locked out of the CNC
controls; at one site, at least, operators caught with keys to the controls are
subject to immediate dismissal.* Rather than relying upon the work force to
get the most out of its automatic machinery, GE has developed what it calls
the CommanDir (for Computer Manufacturing Director) Direct Numerical
Control (DNC) system which links all operator stations to a central com-
puter. The “underlying philosophy” at work, known as the “hierarchical
approach,” entails doing as little data processing as possible at the “operating
end,” despite the advent of the microprocessor and cheap memory, which
make decentralized computation readily available. GE designers, according
to the American Machinist, “realize that CNC is the wave of the future
. . . but the underlying principle—the hierarchical approach—is not likely to
change.” “Computer-aided manufacturing,” observes GE manager William
Waddell, “is, in fact, a communications system, and, when successful, it
forces an organization into a disciplined approach to manufacturing.”’
Computer-integrated manufacturing systems, which coordinate and con-
trol horizontally the flow of work and all machining operations and which
link vertically all stages of manufacturing from design to assembly, are now
known generically as “CAD/CAM?” (computer-aided design and manufac-
turing) systems.} In their conception, they embody the fleshed-out fantasies

*This is the case throughout the U.S. aerospace industry. The problem this poses for the operators
can be readily understood by anyone who has used a copying machine, run out of paper or dispersant,
and found the cabinets, in which these items could easily be replenished, to be locked. Beyond
frustration, this leads to a gross underutilization of expensive equipment. (Although, as one former
Rolls-Royce manager pointed out, “as long as the controls are on the floor, there’s no way you will
keep operators off them, locks or no locks.”

1The advent of computer-aided design and drafting is having contradictory consequences for engi-
neers and designers. On the one hand, it is being introduced to concentrate control over production
in the hands of the technical staff rather than the work force on the shop floor, but, on the other hand,



330 FORCES OF PRODUCTION

of early N/C enthusiasts, and in their present form, they symbolize the state
of the art. “I don’t think a guy will be able to go to his country club if he
doesn’t have a CAD/CAM system in his factory,” Unimation president
Joseph F. Engelberger quipped recently. “He’s got to be able to talk about
his CAD/CAM system as he tees off on the third tee—or he will be embar-
rassed.”®

As was the case with N/C itself, which still constitutes the core of
CAD/CAM systems, this latest technological adventure is being promoted
first and foremost by the military—in particular, by the Air Force. Indeed,
it is perhaps best understood as an extension of the N/C project. In 1979, the
Air Force launched its $100 million five-year ICAM (Integrated Computer—
Integrated Manufacturing) Program, scheduled to be completed, appropri-
ately enough, by 1984. “The current ICAM Program is a logical extension of
the earlier precedent-setting numerical control program,” Dennis Wisnosky,
former ICAM manager and CAD/CAM director at International Harvester,
explained. It involves the participation of some seventy industrial and aca-
demic contractors, provides risk capital to foster developments that are too
broad in scope and too long-term for industry to do on its own, and entails
“joint effort between industry and universities, with government funding.”
The Air Force decided to “force development of the technology” in order to
promote its dissemination and transfer, just as it did with N/C. Prototype
“factories of the future” are now being “designed to serve as a model for U.S.
industry.” “Many factories today appear unmanageable, labor forces seem to
be out of control, and costs are all but unknown,” Wisnosky points out. These
AF-sponsored computer-integrated manufacturing systems will “‘cure those
ills.”

As it is described by its proponents, the ICAM Program is essentially
an effort to match shop floor automation with the automation of management
functions, to try to reduce the enormous indirect costs that have resulted from
the effort to reduce labor costs and remove power and judgment from the shop
floor. Thus, ICAM offers automation as the solution to the problems gener-
ated by automation. It entails, in addition to machine tool automation and
robotics, the development and integration of computer-aided methods for
such management functions as planning, production scheduling, expediting,
inventory control, communications, maintenance scheduling, and design—all
in order to “provide better management control” and to “free management
from excessive routine duties to do creative work.” Unlike automation on the
shop floor, which is designed and deployed to diminish creativity and control
and to routinize jobs, here it is advanced to do precisely the opposite. When
the Air Force surveyed contractors during ICAM’s formative years, the
industry “considered management control as having the greatest payoff po-

it is being used to deskill and displace engineers and to routinize their jobs also. Thus, the automaters
themselves are being automated. For further reading on this subject, see source note 8 for Epilogue.



Another Look at Progress 331

tential in CAM.” The Air Force Systems Command estimated a 54 percent
reduction in “people” (blue-collar workers) as one of the chief Air Force
CAM center “benefits.” However, as ICAM’s Gordon Mayer pointed out,
this effect on personnel is bound to be selective: “I don’t think there’s a
perception that systems are going to come around that replace the man-
ager.”'°

The initial ICAM effort involved the development of a “master plan”
and a standardized language. The plan, a highly structured ‘hierarchical
architecture of manufacturing” designed to integrate conceptually all phases
of manufacturing, was constructed by Softech, the firm spun off from the MIT
N/C project and still run by APT system developer Douglas T. Ross. The
new language, IDEF (Integrated System Definition Language), will serve as
a common basis of communication between the Air Force and industry in an
ongoing dialogue concerning all aspects of manufacturing. “We’re going to
have the entire aerospace industry, at least for the purpose of ICAM con-
tracts, using that standard approach to system definition,” Wisnosky noted.
Thus, again, the Air Force is enforcing the adoption of its latest fetish through
the use of standard procedures and contracts. The scope of this enterprise is
suggested by a recent Air Force Request for Proposal, sent out to prospective
contractors and published in Commerce Business Daily at the end of 1980.

Sources are sought which have the experience, expertise, and production base for
establishing a Flexible Manufacturing System for parts. The FMS should be
capable of providing a technically advanced production facility for the manufac-
ture of aerospace batch manufactured products. The system shall be capable of
automatically handling and transporting parts, fixtures and tools, automatically
inspecting part dimensional quality and incoming tool quality, integrated system
control with machinability data analysis, computer-aided process, planning, and
scheduling and other capabilities that would provide a totally computer-inte-
grated machining facility.

The proposal request points out that “extensive subcontracting to aerospace
and other manufacturers, machine tool vendors, universities and other tech-
nology companies is expected.”*!

The ICAM idea at first seemed “crazy and far out,” Wisnosky acknowl-
edged, “but it’s now becoming a reality.”* “We’re well on the way to the

*John Parsons considers ICAM a disaster for small shops and a boon for large contractors. Prime
contractors will write proposals with the idea that the higher the percentage of the total airframe
produced using ICAM, the greater the chance of getting a contract. At the same time, smaller shops,
which could never afford ICAM capability, will be out of the running and prime contractors will have
a perfect excuse for keeping more of the work in-house.

More important, Parsons insists that ICAM is “unnecessary to the production of high perform-
ance aircraft. . . . With feedback, micro-chips, and computers, we in manufacturing technology can
do almost anything, but technological feasibility does not guarantee economic justification.” ICAM,
in the view of the man who first acquainted the Air Force with the notion and possibilities of numerical
control, “must be classified as a monstrous technological boondoggle.”
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factory of the future, with an optimum blend of materials, machinery, and
workers, with feedback from every aspect of the manufacturing process pro-
viding the information needed for management decisions.” Looking forward
to the time when “computers and machines can be made to work together
with little human intervention,” the Air Force let sixty-five ICAM contracts
to fifty companies between 1977 and 1982. As of 1983, there were twenty ICAM
projects under way including one, led by Vought Corporation, on the “Fac-
tory of the Future.” The Air Force Systems Command (AFSC) is promoting
industry-wide implementation of this model factory between 1985 and 1990
and ICAM is acknowledged to be the most prominent developer of CAD/-
CAM, as well as robotics, in the United States. The ICAM program has, in
addition, spun off TECHMOD (Technology Modernization), a $67 million
effort centered at the General Dynamics Fort Worth facilities, charged with
refining specific pieces of the computer-integrated manufacturing system.
Moreover, the ICAM project has stimulated parallel efforts by the other
services, which all come under the generic name MANTECH (Manufactur-
ing Technology). Thus, there are the Navy’s Shipbuilding Technology Pro-
gram, the Army Tank Command’s Flexible Manufacturing Systems project,
and the joint Tri-Service Electronics Computer-Aided Manufacturing Pro-
gram.!?

The military, and especially the Air Force, has been actively spreading the
MANTECH gospel. In 1981, for example, the AFSC launched a $3 million
Manufacturing Science program, with the aim of “stimulating greater in-
volvement in manufacturing in academia.” ICAM sponsors are also prepar-
ing the young, endeavoring to “suggest modes of curriculum and program
updating” within the engineering schools and universities, to “offer new kinds
of career opportunities to students,” and to otherwise “help prepare students
for the real world.” The real world here, however, is a world of dreams: “Step
By Step to the Automatic Factory” reads the caption on the cover of Modern
Machine Shop. The fantasy is depicted by this seemingly no-nonsense indus-
try trade journal as a polished shoe ascending a golden stairway to the clouds,
wherein lies the automatic factory. Fortune proclaims that “The Race to the
Automatic Factory” is well under way, in an equally futuristic cover which
recalls that magazine’s 1946 announcement of the same agenda. “U.S. compa-
nies are on the verge of achieving a dream,” Business Week observes, describ-
ing a dream of machines without men, automatic factories, and total control
of “manufacturing enterprises where push-button factories and executive
suites, no matter how physically remote, become part of the same integrated
computerized entity.” And the dream of the military, mirrored in industry,
is reflected as well in the third arena of the military-industrial-academic triad,
the universities."

At Virginia Polytechnic Institute (VPI), for example, researchers have
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subcontracted with Honeywell to conduct the ICAM Human Factors Project.
Professor Richard Wysk, director of the VPI Industrial Automation Labora-
tory, explains the purpose behind the effort. “When you focus on automation
generally you’re trying to have a more dependable mechanism than a human
performing these activities . . . so we’ve done many things to make the process
automated and tried to take the person out, except to fulfill certain obliga-
tions.” Since the N/C operator is now just a “loader/unloader, we have
time-shared his activities” so that he now tends four or five machines instead
of one. “And the systems really can control the human rather than the human
the system.” This is just a prelude, of course, to the replacement of the
operator altogether by a robot. But then the problem is that robots break
down and the operator has to be there to adapt to this situation. Wysk is at
work on this problem too: “We’ve taken the person out of the machining
cycle. And now we need to take the person out of the adaptive cycle, so to
speak, where non-consistent occurrences can be treated using an automated
computer-integrated system.”!*

This “technical” goal neatly complements industrial management’s ob-
jectives. As one of Wysk’s colleagues acknowledges, “Along with that change
[automation] they’re going to change other things they’ve been itching to do
all the time” (such as eliminating unions). The “change,” however, is being
promoted in the name of science, with academic sanction. Thus GE has used
the words of Professor Lester V. Colwell of the University of Michigan to lend
authority to its automation drive: “The most important objectives in the
implementation of computer-aided-manufacture are to convert the ‘know-
how’ of manufacturing from an ‘experienced-based’ technology to a ‘science-
based’ technology, and to recognize and integrate the ‘information structure’
so that computers can be used to implement this ‘know-how’ in product
design, in manufacturing planning, and for control on the shopfloor.”**

Will this fantastic enterprise collapse of its own weight? Will this obses-
sive drive for omnipotence be undermined ultimately by its own shortcomings
and shortsightedness? Or, put another way, are the new technologies really
economically and technically viable? Certainly, there are reasons to wonder.

As described in Chapter seven, the Darwinistic view of technological develop-
ment assumes that if businessmen introduce new technologies, they must be
economical. Because, the logic goes, if the technologies are not economical,
hardheaded, economy-minded businessmen will either reject them or go
broke as a consequence of mistakenly adopting them (with the automatic
market correcting for lapses in economic judgment). Here, the worthiness of
technologies is estimated, not on the basis of evidence and careful analysis,
but rather on the basis of a superficial examination of business behavior and
facile a priori reasoning. But such reasoning begs the historical questions
about actual motivations, about real rather than expected economic returns,
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and about the actual workings of the supposedly self-correcting (but heavily
state-influenced) market mechanism. Nevertheless, this logic has permeated
our historical understanding of technological development since the first
Industrial Revolution, and continues to do so in the wake of the second.

It has colored the conventional historical explanation of the emergence
of the “American system” of manufacture, for example, and the rise of
machine-based, mass-production industry in general. It has commonly been
assumed that the motive of competitive cost reduction coupled with the
constraint of a shortage of skilled labor compelled economy-minded manufac-
turers to devise and introduce labor-saving machinery and capital-intensive
methods (special-purpose equipment, interchangeable parts, standardized
procedures, detailed division of labor, etc.) that would lower unit costs and
reduce the need for skilled labor. It has further been assumed that this
capital-intensive approach proved more economic than traditional methods
and was the key to the success of American manufacturing.

Recent historical scholarship has begun to raise serious doubts about the
facts and logic of this explanation, however, as Eugene Ferguson indicates in
a recent historiographical review.!* Paul Uselding, an economic historian of
nineteenth-century American industry, has argued, for instance, that ‘“‘histor-
ical reality cannot be pulled rabbitlike from some theoretical hat.” It has been
shown that cost reduction was rarely a motivation in pre—Civil War industry
and that the supply of skilled labor varied considerably from region to region;
while some areas did experience such a chronic shortage, others did not. It
has also been suggested by Ferguson that the success of American manufac-
turing might have been due less to the advent of expensive, sophisticated
labor-saving machinery than to the invention of “simply designed and lightly
built” skill-enhancing machinery intended for time-saving “machine-aided
hand processes,” and “that the presence of skills, not their absence, may have
been an important factor in the rise of the American system.”

At the same time, investigation of the actual design and use of capital-
intensive, labor-saving, skill-reducing technology has begun to indicate that
cost reduction was not a prime motivation, nor was it achieved. Rather than
any such economic stimulus, the overriding impulse behind the development
of the American system of manufacture was military; the principal promoter
of the new methods was not the self-adjusting market but the extra-market
U.S. Army Ordnance Department. The development of interchangeable-parts
manufacture began within the arsenals as an “expensive hobby” of a ‘“cus-
tomer with unlimited funds and was dictated by military criteria of uniformity
and performance, regardless of cost.” It was subsequently encouraged and
carried over into civilian production (agricultural implements, sewing ma-
chines, bicycles) by arsenal personnel who brought with them a military
enthusiasm for uniformity and automaticity that reinforced the growing in-
dustrial obsession, epitomized by Andrew Ure, with “perfecting” production
by eliminating labor. In studying the development of American industry,
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Ferguson has observed, it is difficult to overlook “the large number of in-
stances in which decisions and trends appear to rest more on attitudes and
enthusiasms than upon coolly calculated economic advantage.” As John
Richards noted in his late-nineteenth-century study of woodworking practice,
for example, “in the great race for automatic machinery,” manufacturers had
incorporated power feeds in many of their machines despite the fact that a
skilled workman’s hand feed was superior “both in quality and cost.”

If the primary motivations behind capital-intensive production methods
were not necessarily economic, neither were the results. As Merritt Roe Smith
has shown, for example, within the arsenals the new methods did not prove
more economical, but less, owing to the expense both of equipment and of
more intensive management. The claim of cost-cutting advantages, Ferguson
argues, was simply “rhetoric” intended to secure and sustain state subsidy.
The break-even point for the new technology, Ferguson estimates, did not
come until the 18gos—a half-century after its adoption. As historians David
Hounshell and Alfred Chandler have shown, the firms that adopted these
methods—McCormick and Singer, for example—did not prosper on the basis
of competitive cost reductions brought about by the new methods. Rather,
their success was based upon high not low prices and innovations not in
production but in organizational management and, especially, marketing. In
short, as Ferguson concludes in his historiographical review, recent scholar-
ship raises serious questions about the “‘economic importance of the capital-
intensive American methods.”

Yet, the same, apparently unwarranted, assumptions about technological
innovation that distort our understanding of the first Industrial Revolution
now also obscure our understanding of the second. Moreover, the romanti-
cized account of what happened in the early nineteenth century is being raised
routinely to justify what is now taking place at the close of the twentieth, to
prove that history, meaning economic progress, is on the side of the present-
day promoters of expensive, capital-intensive, labor-saving, skill-reducing
technologies of production. Once again, we hear about the need to overcome
alleged shortages of skilled labor and to reduce production costs in the face
of intensifying competition, and once again, the proposed remedy is the
technology of automation.

Just as the supposed shortage of skilled labor has traditionally been
employed to “explain” the introduction of labor-saving machinery, so now
manufacturers and vendors allude to such shortages as the ultimate rationale
for automation. “Many experts agree,” Tooling and Production observed,
“that no more urgent problem than the shortage of skilled craftsmen con-
fronts American industry—particularly the metalworking industries.” Time
magazine concurred, in the wake of a renewed cold war, that “American
industry is being squeezed and constricted by a shortage of skilled labor.
Without experienced workers, there is no way to shape and mold the thou-
sands of metal parts that go into fighter planes and new tanks, into cruise
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missiles and Trident submarines.” James Gray, president of the National
Machine Tool Builders Association, warned hyperbolically that the United
States faces one “of the greatest skill shortages in the history of the country.”"’

Responding to such alarms, Neal H. Rosenthal, the chief of the Division
of Occupational Outlook of the Bureau of Labor Statistics, undertook a
careful investigation of the problem.'® In the summer of 1982, he published
his evaluation of the shortage of machinists. He defined “shortage” to mean
“that sufficient workers are not available and willing to work at the existing
wage level.” “Is there a shortage of machinists?”’ Rosenthal asked; “will
machinists be in short supply in the future?” Rosenthal concluded ambigu-
ously that “various studies offer conflicting answers that cannot be resolved
with available data.” He examined the relative unemployment of machinists
and found that, while unemployment remained relatively low—evidence con-
sistent with such a shortage—this fact was not in itself definitive proof of a
shortage. Thus he looked for corroborating evidence. He assumed, according
to established economic theory, that, if there was a shortage, employers ought
to be trying to increase the supply by either raising wages or increasing
training, or both.

But he discovered that, while businessmen complained about shortages,
they did not raise machinists’ wages. “Between 1972 and 1980,” he found, “the
wages of workers in the machinery occupation relative to all production
workers remained the same or declined slightly.” ‘“Unlike the data on unem-
ployment,” he concluded, “those on earnings of machining workers do not
show a pattern that would, in theory, be expected with the existence of
shortages.” Along similar lines, Rosenthal found that although “during peri-
ods of shortages, or expected shortages, employees should be willing to in-
crease training, . . . during the 1970s, apprenticeships decreased, implying that
shortages did not exist or that they were not severe enough to warrant
increased training opportunities.” He noted also that, where new programs
had been created, they were largely “non-registered” courses in which the
training time for completion had been reduced below that required for certifi-
cation of journeymen. While reduced training requirements might constitute
evidence of a short-run response to a shortage, it was not a long-term response
that would increase the supply of sufficiently skilled machinists.

Rosenthal confronted also the common claim that older, experienced
workers were being lost by attrition and that they could not be replaced with
available skilled labor. Iron Age, for example, bemoaned the fact that “it is
not possible to hire the experience that you lose when an employee retires.”’"
“Much is written that the average age of machinists is increasing,”” Rosenthal
observed. “Such reports generally imply that the age distribution of machin-
ists is becoming skewed toward the older age groups. But data on the age
distribution of machinists and job and die setters collected in the Current
Population Survey dispute this conclusion. For example, between 1972 and
1980, the proportion of these workers who were 55 to 64 years old declined,
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and significant increases were recorded in the 20—24 and 25-34 age groups.”

Rosenthal concluded that “the data . . . do not prove or disprove that
shortages of machinists exist,” and added that “statistics generated by ongo-
ing government data collection programs do not provide the information
necessary to quantify the shortage. Quantitative data from surveys conducted
by employers associations are statistically unreliable and probably overstate
the numerical shortage.”

If the Bureau of Labor Statistics study raised doubts about the existence, or
severity, of alleged skilled labor shortage, it failed to grapple with two other,
and possibly more important, questions. First, whether or not there is a
shortage, it is clear that industry leaders insist that there is one; indeed, they
behave almost as if they wanted there to be one—why? Second, if there is a
shortage of skilled labor, why is industry doing so little to increase the supply
—as economic theory would expect of them—through higher wages and
training programs? More to the point: if businessmen believe there is a short-
age, why does their behavior seem to contradict this belief? Is there a consis-
tent explanation that answers these questions sufficiently?

First, it may well be true that, in certain geographical regions, employers
are having difficulty hiring the people they need—at the wages being offered.
Thus, they perceive a shortage. Shortages, after all—whatever the statistics
say—are in the eye of the beholder. Along the same lines, a shortage might
be perceived, not for skilled machinists, but for skilled machinists who look
like what skilled machinists used to look like. Advertisements in trade jour-
nals, for example, typically portray the skilled worker as a middle-aged,
white, plaid-shirted male. The advertisements ask: What will you do when
he’s gone? and answer with a picture of computer-automated machinery.
Another answer might be to hire a younger, black, or female machinist, all
of whom have only recently begun to penetrate the skilled trades in U.S.
industry. The perception of a shortage might thus simply reflect a subtle and
unacknowledged racism and/or sexism. Equally likely, the complaints about
a shortage constitute simply a convenient—and traditional—justification for
automation. Such an explanation is consistent with industry behavior. If
industry is not raising wages and is actively reducing training requirements
and programs, it is nevertheless intensifying automation. And, if anything,
automation appears to cause rather than to follow from shortages of skilled
labor (while it has also, as we have seen, been intended as a means of deskilling
and thus lowering wage levels).

Although there is no real evidence that a perceived skilled labor short-
age is actually an important motivation behind the drive to automate, it has
consistently been advanced as a justification for automation. Eli Whitney
used it in the nineteenth century, and Lowell Holmes in 1946. And so too in
the 1980s: “Automation compensates for a declining workforce,” Iron Age



338  FORCES OF PRODUCTION

has declared. Rather than try to develop machinery that enlarges upon ex-
isting skills—another strategy for compensating for a shortage, apparently
successful in the nineteenth century—industry has continued to push tech-
nology that deskills, and displaces skilled labor. “Many big manufacturing
firms have been counting on so-called CAD/CAM systems to ease the skills
squeeze,” Tooling and Production observed. The New York Times covered
the 1980 Machine Tool Show and found that, presumably because of a
shortage, managers “are willing to spend the tens of millions of dollars it
takes to buy highly automated N/C systems.” “The biggest of all show
stoppers,” the Times noted, were the “manless manufacturing centers”—
allegedly designed “to improve productivity and to redress the shortage of
skilled machinists.”*

The drive to automate has been from its inception the drive to reduce
dependence upon skilled labor, to deskill necessary labor and reduce rather
than raise wages. The contemporary approach to training has been perfectly
consistent with this overall orientation. In a letter to the New York Times,
the president of the Blair Tool and Machine Corporation expressed concern
about the prospects of a shortage and called, therefore, for the establishment
of a “college of machinists” to increase future supply. At the core of his
argument was an insistence upon the continued central importance of skilled
labor to industry. With the advent of N/C, “the tool builders claimed that
the need for skilled hands would be reduced and that semiskilled help could
be used,” he reminded his readers. “I cannot answer for every shop,” he
dissented, ‘“but with fifteen years of varied N/C experience in my own firm,
this approach has never worked. Our best results have been achieved by using
our best available personnel.” A college for machinists, he therefore urged,
was essential to industrial revitalization: “The U.S. strategic and economic
position would be strengthened, and increased prestige and dignity would be
given to a trade that has never been properly appreciated. It would be a major
step toward the reindustrialization of America.”?

Such an approach, however, has never been taken, and the call for such
an institution has gone unheeded. Instead, training programs have either been
cut back or refashioned to produce the less skilled human complement to the
technology of automation. In 1978, for example, the National Center for
Productivity examined the management needs of the metalworking industry
and recommended a reduction in the training requirements for those entering
the manufacturing work force. ‘“Except for the most complex N/C machines,
N/C tools eliminate the need for highly skilled machine operators,” the
Center maintained. Dismissing or ignoring the all-too-common experiences
described by the New York Times letter writer, the Center argued that “some
firms in the past used their best toolmakers or most skilled machinists when
introducing an N/C machine, because they incorrectly believed that workers
of the highest caliber were needed for such expensive and productive ma-
chines. Certain facilities probably still are failing to benefit from N/C’s ability
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to use less skilled operators.” Training requirements, the Center recom-
mended, ought to reflect these lower requirements.?

The Department of Defense, likewise concerned about manpower re-
quirements, rejected the participation of the International Association of
Machinists in its planning and opted for greater automation, on the one hand,
and downgraded state-subsidized vocational training programs, on the other
—programs that would not prepare graduates for journeyman responsibili-
ties. Industry followed suit. In a 1981 report prepared for the Air Force,
National Machine Tool Builders Association training director John Mandl
proposed that machinist apprenticeship time be cut by as much as half in an
effort to “upgrade the content in a narrower scope [and] reduce the skill levels
required to operate or maintain certain machine tools.”*

Thus, although industry is failing to increase the supply of skilled labor
—whether a shortage exists or not—the emphasis upon automation persists.
And the accompanying effort to deskill and displace labor, and to reduce
training requirements, will no doubt have the effect—as it has in the past—
of actually creating such a shortage. And this depletion of human resources,
the consequence rather than the cause of automation, will then be advanced
as the rationale for still further automation. The circular logic feeds upon
itself—and society’s industrial capability as well.

If the skill shortage explanation for the automation push remains ambiguous
at best, so too does the rhetorical explanation of a supposed drive to reduce
manufacturing costs in order to increase productivity and economic competi-
tiveness. This assumption too begs the historical questions about motivations,
and actual returns. As we have seen, the chief impulses behind the develop-
ment of N/C—like those which apparently spurred the emergence of the
American system of manufacture a century earlier—were not simply eco-
nomic. Rather, they reflected the combined and compounded compulsions,
interests, beliefs, and aspirations of the military, management, and technical
enthusiasts, as they do today.*

The role of the military, with its emphasis upon performance and com-
mand rather than cost, remains primary. And, again, the pervasive military
influence and substantial state subsidy serve not only to encourage the rush
to automation but also to offset the supposed self-correcting effect of the
market mechanism. The result is a sustained trend toward automation, re-
gardless of the actual production costs or benefits entailed. Thus, Gary Den-
man, chief of Manufacturing Technology of the Air Force Materials Labora-
tory, has acknowledged that private contractors “clearly could not” automate

*For a summary discussion of the cumulative impact of these compulsions on the U.S. machine tool
and metalworking industries, see my testimony in the Hearings on Industrial Policy before the
Subcommittee on Economic Stabilization of the Committee on Banking, Finance, and Urban Affairs,
U.S. House of Representatives, 98th Cong. Ist sess., July 26, 1983.
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as they are doing without public subsidy, an opinion seconded by the ICAM
program’s Gordon Mayer: “We have contractors with divisions set up just to
get ICAM projects. We're keeping them alive. People are automating for
automation’s sake in several cases. There is no good reason, there is no good
justification and in fact it may be detrimental. We work with parts of compa-
nies whose job it is to implement these advanced technologies, and if they can
get a project from the Air Force, regardless of its real payback, they keep in
business.”?

But it is not just the military which has determined the trend toward
automation. In industry, too, both within and without the military orbit,
traditional management ideology and technological enchantment have
spurred the rush, regardless of real concern about costs and productivity. This
is finally being acknowledged now even by the business press. At the end of
1982, Business Week conducted a Business Week/Harris Poll survey of U.S.
industrial executives and found that, even in the midst of a recession, the drive
to automate continued unabated—and without apparent concern about actu-
ally increasing output or lowering costs. The survey revealed that “there is
a heavy backing for capital investment in a variety of labor-saving technolo-
gies that are designed to fatten profits without necessarily adding to productive
output” (emphasis added). The survey indicated, moreover, that “right now
one potential cost-saving area seems safe from the technological invasion:
management.” Thus, in practice, if not in rhetoric, management appears to
have abandoned its allegedly historic task of increasing productivity—the
presumed rationale, and, indeed, the cornerstone of the ideological legitima-
tion of capitalism.”

If economical production is not necessarily the prime motivation behind
automation (or even the chief means of profit-maximization*), the unexam-
ined belief remains—throughout industry and beyond—that the new methods
are the key to greater productivity, competitiveness, and prosperity. Surely,
this unreflective faith itself fosters the automation drive. But such faith in
economic returns ought not to be mistaken for the fact of such returns. Have
the new systems proven economical? Typically such a question is forever
deferred—awaiting some further refinement of technique, some added experi-
ence, some ultimate breakthrough. But when an answer is demanded—N/C,
after all, has been in use now for thirty years—it is always, at best, ambiguous.

“What concerns me,” retired Air Force general Henry Miley told the
House Armed Services Committee in 1980, “is that when I get up and raise
my Yankee voice and say, can I go out to some factory and put my hands
on an item that is being produced more cheaply now than it was five years
ago because of the MANTECH [Department of Defense automation pro-
grams], I get kind of a confused answer. . . . When I asked the bottom-line

*For an examination of the divergence of profit-making and economical production, see Seymour
Melman, Profits without Production (New York: Knopf, 1983).
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question, is the missile now cheaper than it was two years ago, the answer
was, well, no.” When Miley was asked by the committee if the increase might
be due to the “inflation factor,” Miley drove his point home: “The inflation
factor and the lower rate of production.””?

Gordon Mayer, of the Air Force ICAM Program, has echoed Miley’s
concern. After his two-year study of the Hughes Corporation’s Air Force—
subsidized project to develop an automated process planning aid—the ICAM
Decision Support System (IDSS)—he concluded flatly that the effort, al-
though endorsed by technical enthusiasts in industry and the military alike,
was a “waste of money,” without any realistic potential of payback “in their
lifetime.” Similarly, Brian Moriarty, project manager at the Draper Laborato-
ries’ manufacturing automation program, and chief author of the Air Force
“FMS Handbook,” has critically if cryptically observed that, by and large,
industry has introduced the new technology “whimsically,” without regard
to cost, and has seldom if ever conducted post-audits to evaluate results.*?’

Do the new technologies of automation enhance productive efficiency?
The assumption is that they will yield lower costs and thus greater productiv-
ity and competitiveness, and that greater industrial competitiveness will result
in economic prosperity. In reality, of course, even if the new methods
actually reduced production costs, that would be no guarantee of either
competitiveness (which has more to do with product design and marketing
than mere unit cost) or the wealth of any nation (which is no longer directly
related to the competitiveness of increasingly mobile and multinational
firms). But, even assuming the validity of these causal connections, do the
new technologies of automation actually increase productive efficiency, as
conventionally defined?7?

*Economist Thomas Weiskopf of the University of Michigan, however, has gathered some aggregate
data relating investment in capital equipment and productivity. His findings raise questions, at least,
about the assumed direct correspondence between the two. Examining the changes between 1948 and
1978 (roughly the time-frame of the present study), he found that whereas the average annual rate
of growth in the ratio of capital to labor in manufacturing industries nearly doubled (reflecting,
presumably, the intensified pace of mechanization and automation), the average annual rate of growth
of productivity (output per person-hour) declined by more than half. His findings and interpretation
are reported in Institute for Labor Education and Research, What’s Wrong with the U.S. Economy?
(Boston: South End Press, 1982).

11t has become a common claim among manufacturers that automation is essential, indeed, the key,
to competitiveness and economic survival. Thus, for example, GE vice president Donald K. Grierson
explained to the Wall Street Journal that “the advantages that world competitors would have if they
automate and you don’t will be so significant that it will become a question of survival for many
companies.” This argument is used by many firms, including GE, to force labor unions to yield to
automation: the only alternative to automation, and fewer jobs, is no plant and no jobs.

But this argument, however effective it might be in gaining concessions from labor unions, should
be viewed with skepticism and suspicion. In reality, the link between automation and competitiveness,
like that between automation and productivity, is ambiguous at best. And it would be a mistake to
assume that the competitive edge of Japanese firms, for example, has been the consequence of greater
automation. The National Machine Tool Builders Association found this out in 1981 when they sent
a study mission to Japan. They discovered that Japan was not more advanced technologically. Rather,
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One of the most careful studies of the introduction of new automated
equipment in manufacturing was conducted in England by economist Barry
Wilkinson, then with the University of Aston’s Technology Policy Unit. In his
1983 book based upon the study, Wilkinson cautioned his readers that since
“managers and engineers are well practiced in justifying decisions on so-called
‘objective grounds’ . . . , innovation is shrouded by the ideology of efficiency
[and] the grounds on which choices are really made may thus be concealed.”
There are “grounds for suspicion,” he warned, “that formal justification
could be ‘post-hoc’ technical rationalizations which tend to play down the
social and political considerations which go into them.”

In an effort to penetrate this layer of mystification, Wilkinson conducted
a series of detailed case studies. “The case studies,” he notes, attempt to “shed
some light on the practical role of the technical and efficiency aspects of new
technology, since these are frequently assumed to be the major, if not the sole,
consideration in technical change.” What he discovered about the economic
realities of the new technologies is less than reassuring:

Thefirst point to be made about ‘efficiency’, ‘product quality’, ‘productivity’, etc.,
is that these, generally unquestioned, indicators of technological success are
difficult to measure with any degree of accuracy, and in any case are rarely
measured in sufficient detail to determine the exact economic advantages over
any alternatives. Of course, formal (written) justifications of capital expenditure
may make elaborate comparisons of productivity, capital costs, payback periods,
etc., between, for instance, alternative new machines. These justifications were
used frequently, according to most accounts, as the basis of decisions on choice
of technology in many of the case study firms. But it is probably safe to say that
in no instance could it be demonstrated that in practice the new technology met
the measured expectations of the production engineer who ‘justified’ the technol-
ogy, or of the machine supplier who advertised it. Besides, measures of the actual
economic returns of new processes were invariably in the form of ‘two or three
times more output per man’, or ‘it paid for itself in about two years’, rather than
the pounds and pence, and hours and minutes, of the pre-implementation assess-
ment. In practice then, there was simply no accurate measure of productivity
gains or of comparative improvements in efficiency.

The point being made here is not that new technology in general, nor even
electronic control of batch production in general, can be questioned on the
grounds of efficiency relative to conventional (non-automated) technology—
though in some instances it can. (In several of the case study firms, some workers
and lower managers questioned the value of automation of certain processes, and
in many instances it would be difficult to prove them wrong on economic
grounds. Occasionally managers and engineers would implicitly recognise this by
allowing workers to use manual overrides. In other words they acknowledged

the strength of the Japanese firms was due not simply to more investment in equipment but to
“dogged” long-term management, to “aggressive” marketing, and to the fact that the Japanese “pay
an unusual amount of attention to the training and motivation of [their] work force.”
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that conventional methods, at least with regard to certain batches of product,
were more appropriate.) Rather, the important point is that the ambiguous and
imprecise nature of the measurement of performance means that choices between
alternative available designs and the way they are used (the way work is orga-
nised) cannot be explained simply in terms of technical and economic advan-
tages. Where engineers and managers do use these explanations one must remain
suspicious and expect to find additional motives.?

Thus, the economics of automation—both as motive and benefit—re-
main ambiguous too. Moreover, if automation is not simply the solution to
the alleged skilled labor shortage, nor the sure-fire remedy for declining
productivity, neither does it appear to be necessarily viable on strictly techni-
cal—will it work?—grounds. In 1983, for example, the Wall Street Journal
(April 11, 1983) investigated the realities of manufacturing automation and
noted that the “results are mixed,” that as “technology soars, users struggle
with [the] transition and unsuitable machines: computerized equipment often
doesn’t work the way it’s supposed to . . . the new equipment is more fragile
than old-fashioned industrial equipment . . . and problems with the software
used to run the equipment are even more prevalent.” “Automated manufac-
turing: why is it taking so long?” one frustrated proponent wondered aloud.
The explanation is not simple, nor is it restricted to economic difficulties
alone, for it has to do as well with some shortcomings inherent in the automa-
tion enterprise itself. True, the expense of the new equipment (even with the
steady reduction in computer hardware costs) remains a problem, and un-
scheduled downtime and maintenance costs—reflecting continuing system
unreliability and the push to keep the expensive equipment in constant use
—continue to be excessive. And overhead expenses remain high enough to
offset any gain from reducing direct labor costs. (Even ICAM acknowledges
that cost saving through automation has become an “ever-vanishing target,”
with the indirect expenses of planning, scheduling, and supervision now
amounting to 60—70 percent of product cost as compared to a dwindling 10
percent for what the Army’s Assistant Deputy for Material Development has
called “touch labor.””)*

But, in addition, there appear to be problems inherent with the automa-
tion approach itself. Computerizing manufacturing demands that all activities
must somehow be rendered into machine-readable terms. Formal descrip-
tions, standardized procedures, and algorithmic regularity must replace the
human and social process of production. Elegant in theory, this grand project
has proven problematic in reality. “Everybody and his brother believes that
flexible manufacturing is the only way to fly,” one official of the Air Force
FMS program told Iron Age, “though there isn’t a single FMS in the U.S.
that operates the way it was intended to.” Brown and Sharpe’s Henry Sharpe
has observed a similar disparity: “In theory, N/C is fine [but] we have
inherited some practical difficulties.”*!
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“Factory operations may seem orderly enough until you try to describe
them in computer programs,” Fortune’s Gene Bylinsky observed, “then they
begin to look quite irregular.””*? This difficulty in fully comprehending the
manufacturing process, a major stumbling block in computer-integrated
manufacturing, is compounded by the limited formalized knowledge of the
metal-cutting process, despite nearly a century of engineering effort since
Frederick Taylor. There is still no guaranteed “scientific”” way of accounting
for and fully anticipating variations in tool wear, the “machinability” of
various materials, actual machine performance, or changing conditions. Of
course, such contingencies are readily and routinely dealt with by machinists
and machine operators, relying upon their skills and accumulated experience
with just such challenges. And the surest way to reckon with these manufac-
turing difficulties would be to enlist the active cooperation of the work force.
One skilled N/C machinist, at a large aerospace plant, explained in telling
detail how these difficulties arise and how they are dealt with on the shop
floor:*

The idea behind the tape machines, of course, is to have absolute uniformity.
Particularly you try to minimize any kind of interference with the program by
the operator. But if the program isn’t made right in the first place, they’ve made
it difficult for the operator to interrupt the tape and go back to find out where
he is on the tape. If the program doesn’t work perfectly, they’ve made it inordi-
nately complicated to change everything. They have the control on the machine
locked so the operator can’t edit the tape or figure out where they are on the tape.

Most of the thinking is supposed to be taken care of in programming. The
operator is just supposed to clamp the part in the machine and press a button
and start it up. The philosophy behind it is that the operator’s the least smart
person. So if you let the operator go messing around with anything, he’s gonna
screw the part up.

In practice the problem when you have the tape machine, is that you end
up with such a bureaucracy. You have one group of people making the fixture
that the machine is going to be on, tooling, then you have somebody that is
programming the part. The people in tooling use machine tools to a certain extent
but they don’t have any knowledge of production machines. The engineers who
design the fixtures have probably never worked in machine shops. The program-
mers are usually people who have a lot of computer experience but not people
who’ve ever worked in a machine shop. Even when the programmers have
worked in a machine shop, they’ve usually been running tape machines so they
don’t actually have a whole lot of knowledge of machining. And the tooling and
programming and production departments don’t work together well. Every time
something has to be changed, somebody has to be blamed for it, or somebody
has to take responsibility and all kind of paper has to be filled out. It gets virtually
impossible to coordinate all that. And what happens in practice is that it takes
so long, usually, to get a tape set up so it’ll run right that the part gets behind
schedule. When the part gets behind schedule they rely on the operators to try
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to figure out some way to get off one part that’s good. When that happens the
tape is accepted. When the tape is accepted for production it’s virtually impossi-
ble to make changes in it. Because once the AF puts a production stamp on these
tapes they get very upset if you go back and say, we need to make a change in
the tape. Even if it’s some simple thing. If you just change one little move or a
position, that might affect something else in the tape; so there’s a whole proce-
dure you’d have to go through. You have to get an inspection, you have to go
over the part again. So usually they find some way of making an adjustment by
manually moving the machine or changing the fixture or something so they can
get around changing the program. A lot of time it involves changing the fixture
or shimming a part, which is another problem, because the tools are not supposed
to be altered on the fixtures.

At any rate, the operator usually ends up the one who is responsible for
trying to figure out how to correct all the mistakes that were made in tooling and
programming and make the part work out right. It used to be that in most
machine shops they had a little department where people could deburr (take the
burrs off parts) after they’re finished. Now that’s developed into a whole thing
where people are trying to repair the parts that have come off the machines. A
lot of times they end up making kind of a crude part on a machine; then
somebody outside the shop has to sand the part or file it or do whatever is
necessary, or just put it on a conventional milling machine to get the dimensions
that it was supposed to have in the first place.

It’s hard to say whether the program is bad or not. I think it’s more probably
that the principle behind programming is somewhat erroneous. If you were a
time study engineer and went into a machine shop the two things you would
observe the machinist doing would be making calculations—he sits down, looks
at a blueprint, does the calculations—then putting the part in the machine—he’s
mostly positioning it, moving something from part A to part B, or moving a
cutting tool. If you look at it superficially, that’s what’s involved in machining
and you should be able to duplicate it. Computers will do calculations. And you
can fix up the machine tool itself with servomotors and logic circuits so that
things will move at the direction of the tape that’s been given positioning instruc-
tions by the computer.

The problem is that there are a lot of subtle things in machining. If you
didn’t have any experience with woodworking, you could watch somebody mak-
ing a dovetail with a router and it looks real simple. But when you try it, it turns
out to be a bunch of splinters. The skill of the craftsman is not apparent. Or if
you watch somebody making a piece of pottery, the pot’s a simple curve, you just
have a wheel that’s cranked with a foot pedal. And if you hired a team of
engineers and programmers there’s no doubt that they could probably, with
enough money, make some kind of machine that would make a pot. But it would
be an inordinately complicated machine. And the pot would probably not be a
very good pot. It’s not so much that the programs are bad. It’s just that it’s
impossible for somebody sitting in an office somewhere to try to write up a set
of instructions and binary codes for a machine to do something like that. In
machining there are even a lot of subtle things in drilling a hole. All you can tell
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a machine is that you start to drill at this point, you go in so deep and you come
back. But you can’t tell a machine that if there’s a hard spot in the metal it should
push through, or if it starts getting overheated it has to back out. You can only
base that on some kind of averages.

There are certain tasks, like calculations, that can obviously be done more
efficiently by a machine. But there’s also a point when you start doing things with
a machine that become inordinately complicated. Probably the classic case is the
tool changer. It’s the kind of thing you’d think would be ideal. To change a tool,
essentially you’re taking a round peg and putting it in a round hole—that’s the
only thing the tool changer does and when you do it with your arm it seems like
a real simple thing. But if you actually analyze what was taking place with your
muscles and your nerve synapses, it’s really pretty complicated. When you try
and do this with a machine, you have to have a hydraulic pump and an accumula-
tor and all kinds of valves and servos and switches, which can all break down.
With your arm you normally just have to change a tool fifteen times a day and
you don’t think anything of it. To put the same peg in the same hole all the time
and on different parts of the machine, you have to be almost perfectly level. Any
little change in temperature, vibration, those changes will get out of level and
they won’t work. And you end up sometimes with wear and tear on the bearings
and the shafts and the gear train. You end up with all these maintenance
problems in addition to the constant adjustments.

The interesting thing is a lot of machine shops are no longer buying ma-
chines with tool changers because a lot of people have realized that it’s faster to
just have the operator just take the tool in and out. At the most you might gain
a couple of seconds by having the tool changer change the tool. But you’ll lose
that if the tool changer can’t change the tool and there’s no provision on the tape
for the operator to change it. If the tool changer doesn’t work, the whole
$500,000 or $1 million machine is just sitting inoperative.

The other disadvantage is that the machine doesn’t know when it goofs up.
If an operator put a wrong tool in a machine, it would more likely be one that
looked like the right tool—it might be something that’s a few thousandths
difference or has a different corner radius on it. But if you ask the machine to
put in a half-inch end mill and it makes a mistake, it’s just as likely to put in
a three-foot hog mill that’s four inches in diameter. When that happens, if a
machine wrecks, then you have a lot of damage. If those things happen a number
of times, eventually it’s going to take its toll on the machine. It’s happened in
every machine shop; everybody’s had a number of experiences like that.

Rather than rely upon the work force to resolve some of these difficulties,

management has looked instead to the promise of so-called adaptive control
—the alleged key to total automaticity. “Adaptive control” is the attempt to
make machines fully self-correcting, through the use of sophisticated sensors,
delicate feedback mechanisms, and even “artificial intelligence.” Such devices,
it is hoped, will automatically compensate for all variations and changing
conditions, and render machining a totally automatic, self-contained process,
one amenable to remote management control. But here too there is a built-in
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contradiction. “The overall machine tool with extra diagnostics actually can
become less reliable,” one Machine Tool Task Force study noted recently.
“There is a limit on how many sensors, monitors, counters, alarms, or self-
actuated repair devices should be designed into one machine. . . . The more
one tries to avoid failure with the introduction of additional systems, the
greater the chance for additional failure.” The greater complexity required to
adjust for unreliability merely adds to the unreliability and, thus, adaptive
control is not quite the panacea some might believe it to be. “There is a
common illusion that adaptive control is a cure-all for machining problems,”
the Task Force concludes, but “the addition of components and controls to
machining systems will not usually be a viable replacement for inadequate
initial machine-tool design and process analysis, or for control and disci-
pline.”*

Clearly, the drive for “less human involvement has limits,” one student
of the military-industry collaboration in automation has noted. Such limits
have been tacitly acknowledged, for example, in the Draper Laboratories’
FMS Handbook: “An FMS will only meet performance specifications if it is
a combination of good hardware supported by enthusiastic and skilled per-
sonnel.” The authors of the Air Force report on the “Human Factors Affect-
ing ICAM Implementation” put the matter more succinctly, in their descrip-
tion of automation at General Dynamics: “Robotics at General Dynamics is
not a technology problem, but a reality problem.”*

Thus, we are back to where we started, with traditional management
woes. Is there reason to believe that, with this experience in mind, system
designers and those responsible for production will come to recognize the
futility of their flight from reality and embark upon a more sane and certain
course? At present, there are no grounds for such optimism, because it as-
sumes that those currently making the decisions are genuinely concerned
about production and are proceeding in a wholly rational manner. The reality
is otherwise. If this ambitious enterprise becomes mired in its own contradic-
tions, its proponents will find ways to conceal that fact, and they will find also
other means to enlarge their power, other ways to live out their dreams.

“For all the emerging high-tech success stories,” the Wall Street Journal
noted on April 3, 1983, “there are also tales of failure: sophisticated equipment
that doesn’t work, expensive new systems that are misused, cost savings that
never materialize.” “When it comes to computer-aided design or manufactur-
ing systems,” Arthur D. Little’s Thomas G. Gunn has observed, companies
are learning the hard way “that it’s going to take two or three times as much
money and time as they thought to get the system working.” Thus, if the
motivations that lie behind the drive to automate remain ambiguous, so too
do its economic benefits and technical viability. The only thing that is no
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longer ambiguous about the new technologies of automation is the social cost
of their widespread, unchecked use. Already, the dislocations and dysfunc-
tions are becoming manifest.*

The spectre of permanent structural unemployment, for example, pres-
aged by Kurt Vonnegut when this second Industrial Revolution story had just
begun to unfold, has now surfaced for all to see. In recent times, the typical
official response to fears of such technological unemployment has been an
appeal to technologically induced economic growth. Technological unem-
ployment is merely an illusion, people have been told, since technology actu-
ally creates more jobs than it destroys; in particular, people who lose their jobs
to machines will always be able to find jobs manufacturing these very ma-
chines. In postwar America, neo-imperialist economic expansion, periodic
war-spurred industrial “surges,” and massive enlargement of the state-subsi-
dized “service sector” obscured the dislocations taking place, absorbed many
of the displaced, and rendered the appeal to “‘growth” plausible. But no more.

In a period of economic contraction, intensified international competi-
tion among industrial powers, mounting anti-imperialist resistance, and a
sustained and indeed intensified drive toward automation, even official ob-
servers are no longer sanguine about the traditional remedies. ‘“Whether
automation will increase unemployment in the long run is not known,” the
General Accounting Office concluded in 1982, with a noticeable lack of opti-
mism. The following year, the Congressional Budget Office estimated that by
1990, “‘a combination of automation and capacity cutbacks in basic industry
will eliminate three million manufacturing jobs.” And the business press has
begun to acknowledge the severity of the displacement in manufacturing, and
the unlikelihood that either the service sector or automation equipment man-
ufacture—which are themselves undergoing automation—will be able to take
up the slack.”

“The number of new jobs created by high technology will fall disappoint-
ingly short of those lost in manufacturing,” Business Week conceded in
March 1983. While the manufacture of robots, for example, is “expected to
create 3,000 to 5,000 jobs,” the robots themselves “will replace up to 50,000
auto workers.”* “The new industries will account for only a fraction of total
U.S. employment by the mid-1990’s,”” the magazine predicts. Moreover, the
significance of the relatively small size of the new industries is compounded
by the fact that “the growth of high tech jobs will slow as these industries
automate production”—*there are many unmanned factories in the future,”
warns Business Week.

Many of the new jobs created are likely to be shifted to foreign countries,
moreover, where the price of labor is cheap, the discipline of labor is enforced
by the state, and labor unions are outlawed. “Unskilled jobs in high tech,”

*Business Week reported that Nobel economist Wassily Leontieff estimates that auto workers have
about as much chance of getting jobs building robots as horses did building automobiles.
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for example, ““will face continued competition from lower-cost foreign labor,”
Business Week notes, and manufacturers are thus increasingly installing their
newest plants on foreign soil. Thus Atari—a fashionable political symbol of
high tech optimism—stunned enthusiasts with the announcement that it was
moving seventeen hundred jobs overseas, while Hewlett-Packard ‘“‘predicts
that its overseas workforce will grow faster than that in the U.S.”%

The dislocations and displacement generated by the unchecked drive to
automate are matched by the general erosion of the U.S. industrial base and,
in particular, by the depletion of irreplaceable skills. As William Morris
argued in the aftermath of the first Industrial Revolution and Lewis Mumford
has repeated in the wake of the second, society might well be permanently
losing more than it is gaining in this regard. And the costs are not to produc-
tion alone, but have far-reaching political implications as well. For the drive
toward automation, as Mumford has warned, steadily undermines the small-
scale, decentralized, skill-based, versatile, and durable industrial infrastruc-
ture—one foundation, at least, of democracy and, as the surest carrier of the
accumulated knowledge of the species, the key to the resiliency and continuity
of human society. In its place is substituted a highly integrated, large-scale,
complex, and authoritarian structure—at once awesome and precarious. Both
structures, Mumford argues, have existed side-by-side in every civilization,
and whereas the “authoritarian” structure has yielded massive returns in
terms of goods and glory, the “democratic’ structure has had another virtue:
it survived.*

The promoters of automated manufacturing systems have demonstrated
little awareness of or concern about such social consequences of their exciting
project. So long as they are permitted to indulge their enthusiasms at public
expense and enlarge their share of society’s wealth and power in the process,
they will no doubt continue to ignore—or maintain their innocence about—
such calamity. Workers enjoy no such luxury, however. Confronted with this
renewed threat to their livelihoods, organizations, shop floor power, and
dignity, they have once again sounded the alarm about the dangers of automa-
tion. Whereas most labor unions have simply revived the defensive measures
developed during the “automation hysteria” of the 1950s and 1960s—such as
demanding the retention of computerized jobs within the bargaining unit, the
protection of existing jobs and incomes, advance notification of displacement,
and retraining programs for displaced workers—others have tried to turn the
latest technological advances to their own advantage.

Inspired by the pioneering efforts of European unions to secure some
control over the design and deployment of computer-based manufacturing
systems (notably the Iron and Metal Workers Union in Norway and the
Lucas Aerospace workers in England), several American locals have likewise
organized efforts to contest management control over new technology (such
as the tool and die workers in the UAW Local 600 at the Ford River Rouge
plant, and the “new technology committee’ members of IUE Local 201 at the
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General Electric Lynn River Works). As the European unions teamed up
with sympathetic scientists and engineers to devise pro-labor technological
strategies, so the U.S. unions have forged unprecedented ties with technical
workers in universities for similar purposes.*

On the national level, the IAM has established an ongoing scientists and
engineers group, which works with union members to try to identify techno-
logical possibilities and innovative tactics. All of these incipent efforts reflect
a growing understanding on the part of workers and their unions that technol-
ogy is not neutral but political, and that, to safeguard their security and
power, they will have to challenge directly heretofore sacrosanct management
prerogatives. Thus, in addition to those measures already mentioned, they
have demanded access to all information pertaining to production, the right
to evaluate and monitor employer plans before they are implemented, and the
right to participate in all decisions regarding the design and introduction of
new technologies. The IAM has gone so far as to formulate a “Technology
Bill of Rights,” which places conditions on the introduction of new technolo-
gies that are designed to safeguard not only the interests of workers but also
the viability of the U.S. industrial base and thus the health of the entire
economy. Finally, these initiatives by workers and industrial unions have
stimulated at least some reflection on the part of sympathetic engineers and
scientists, causing them to become aware of the management orientation of
their professional work, to begin to try to imagine what a “human centered”
technology might look like, and to consider how interactive computer systems
might afford workers greater control over the production process.*

If management’s drive for total control appears likely to continue and
even to accelerate despite its internal contradictions and social consequences,
might not these challenges from without lead to a different outcome? Cer-
tainly it is of the utmost importance that working people—including engi-
neers and scientists—have belatedly begun to confront technology as a politi-
cal phenomenon. And it is also of no little significance that powerful
industrial unions have started anew to challenge the right of management not
only to run the shop but also to make decisions about what and how society
will produce—that is, to question the legitimacy and competence of the
leaders of industry. But it would be a mistake to exaggerate this potential
opposition, for the odds against it are certainly great. Computerized monitor-
ing and surveillance systems, remotely controlled and satellite-linked plants,
CAD/CAM systems, robotization—all are being designed precisely to serve
management’s effort to neutralize the power of unions and workers and to
guarantee decisive control over far-flung operations. The concentration of
corporate power, the internationalization of enterprises, the ability to play one
country’s work force off against another’s in a global division of labor, the
unprecedented mobility of capital, and the direct assault upon organized
labor’s right to exist in the United States, all give to management great
advantages in this contest. Moreover, the official trade union challenge itself
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is handicapped from within, by a union leadership distrust and fear of its own
more militant rank and file and, equally important, by an abiding faith in
technological promises.*

For there are no technological promises, only human ones, and social
progress must not be reduced to, or be confused with, mere technological
development. Indeed, in the political, moral, and intellectual struggle to
clarify and realize these human promises, technological advance—especially
along anything like its current course—might prove more of an obstacle than
a vehicle. To be sure, it is crucial that we try to envision other technological
possibilities and alternative futures grounded upon them. But such emancipa-
tory imaginings ought not be allowed to cloud our perceptions of, or divert
our attention away from, the challenges of the present. It is vital that we
understand technology to be a social variable, as something that can be
changed according to the choices that inform it, as an inherited resource
latent with liberatory possibilities. But for the same reason, because technol-
ogy is political, it must be recognized that, under current political auspices
and for the foreseeable future, the new technologies will invariably constitute
extensions of power and control. Thus, they not only must be viewed with
skepticism and suspicion, but perhaps must also be resisted and rejected. It
is essential to dream alternative dreams, to hold out a vision of a more humane
future, but to believe that, under present political conditions, these technolo-
gies might be turned to humane ends is a dangerous delusion. To believe that
technological alternatives could be fashioned and promoted in such a way as
to undermine those in power is absurd.

Again, technology is not the problem, nor is it the solution. The problem
is political, moral, and cultural, as is the solution: a successful challenge to
a system of domination which masquerades as progress. Such a challenge will
no doubt require opposition to technology in its present form—to buy time
and cripple the current attack. And it will require political mobilization and
vision, cultural inventiveness and rejuvenation, and a revitalization of moral
confidence. But it will also require once and for all a transcendence of the
irrational and infantile ideology of technological progress which has con-
founded Western thinking for at least two centuries—an ideology which has
for too long obscured the realities of power in society, provided legitimation
and cultural sanction for those who wield it, and paralyzed any and all
opposition.

This ideology of technological progress, according to which technologi-
cal advance is viewed as being inescapably beneficial for society—indeed, as
being identical to social and human progress—begs all the critical questions.
Also, insofar as it is hegemonic in this culture, it defines the bounds of

*For a critical look at labor strategies, see my “Present Tense Technology” series in democracy, April,
July, and October 1983. These articles will also be published in June 1984 as Surviving Automation
Madness, available from Singlejack Books, San Pedro, California.
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respectable discourse and behavior. Hence, opposition to the development or
introduction of new technologies—at least since the time of the Luddites—
is perceived as opposition to social progress itself, and therefore as reaction-
ary, selfish, futile, and irrational. Thus, when Norbert Wiener, the father of
cybernetics, suggested that perhaps, in the face of massive social dislocation,
the ““suppression of these ideas” was in order, he was dismissed as eccentric.
Or, more recently, when John Parsons, the acknowledged father of numerical
control, called for a moratorium on all new technological development, in
order to permit society to assimilate what was already available and reflect
upon how it might grapple with urgent technologically induced social prob-
lems, he was warned by the editor of the American Machinist that he might
appear to readers to be a bit crazy. These men, of course, were not anti-
technologists. They were merely striving to be rational in the face of what they
perceived to be a mad, mindless, and dangerous rush toward technological
omnipotence. Judging from the reaction to them, it is no wonder that labor
leaders and other would-be critics work hard to avoid being seen as enemies
of technological progress. Yet, this remains the essential challenge: to stand
in the way of today’s technological progress in order to make possible a more
humane and democratic future. And there are no short-cuts, no quick fixes,
no technological routes to this future.®

In the midst of another time of troubles, the Great Depression of the
1930s, Lewis Mumford wrote his classic Technics and Civilization. In this
pathbreaking book, Mumford attempted, as he later explained, “to embrace
the potential and the possible” along with the brutal realities and dangerous
tendencies inherent in the evolution of modern technology. Refusing to yield
to the defeatism of many of his contemporaries, and clinging to the momen-
tarily enervated spirit of technological progress, Mumford looked for prom-
ises amid the ruinous rubble, and found them in what he called “neotechnics.”
Clean, efficient, flexible, and seemingly humane, these new techniques,
grounded in electricity, chemistry, and the social and biological sciences,
appeared to him much as the so-called high technology appears to many
today, as the key to a more promising future. Yet, as Mumford himself
acknowledged in a review of his own masterpiece thirty years later, the
younger Mumford, in his desperate optimism, had dreamed too much.

“It is not so much in its philosophy as in its cheerful expectations and
confident hopes that [the book] now seems something of a museum piece.
Mumford assumed, quite mistakenly,” the older and wiser man reflected,
“that there was evidence for a weakening of faith in the religion of the
machine, coupled with a shift in interest to the biological and human aspects
of technics. [But] even in those plans that have been carried through, the
realization has retrospectively disfigured the anticipation.”*

It is not the purpose of this book to repeat the younger Mumford’s
mistake, to hold outhope with false promises of yet another, updated, miracle
of technological transcendence. Rather, the intent here is to reinforce his
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later, more sober, appraisal that “the only effective way of conserving the
genuine achievements of this technology is to alter the ideological basis of the
whole system.” “This is a human, not a technical problem,” Mumford re-
minds us, “and it admits only a human solution.” Clearly, this is an extraordi-
nary challenge which would require, among other things, a fundamental
rethinking of the form and function of science and technology as well as the
formulation of a practical vision of a more democratic, egalitarian, humane,
creative, and enjoyable society. Thus, mere resistance to the current techno-
logical assault, even if coupled with direct political confrontation against
those now in power, would not in itself suffice. (Although it would, of course,
be a step in the right direction.)®

“Everyone believes the U.S. is in the midst of an economic transforma-
tion on the order of the Industrial Revolution,” Business Week reported
recently. But no one alive today remembers firsthand the trials and turmoil
of that first Industrial Revolution. This explains why people have thus far
greeted the second Industrial Revolution with such complacency, and even
naive optimism. Thus, the prospect of another Industrial Revolution has
generated considerable excitement—among those managers who seek to en-
large their authority at the expense of workers and who need not fear for their
own jobs, among those technical enthusiasts who are still permitted to indulge
their irresponsible fantasies, among those militarists who see a (sur)reality of
total control right around the corner, and among those neo-progressive politi-
cians whose rosy rhetoric belies their ignorance of the human trauma and
tragedy of the first Industrial Revolution, and of the mass insurrection that
followed in its wake.*

The analogy commonly made between the present transformation and
that of the early nineteenth century remains only half complete: the catastro-
phe has been left out. For a fuller analogy would shake the spirit, not stir it,
and give thoughtful people pause: What will happen to the dispossessed?
What will the consequences be once our world too has been “turned upside
down”—as British historian Christopher Hill aptly described the earlier epi-
sode.”” To date, few have the right questions, much less any answers. And,
in the meantime, the compulsion to automate (and to dominate)—fuelled by
newly inflamed competitive fears—continues apace (and resistance grows).
As a result, we see, not the revitalization of the nation’s industrial base but
its further erosion; not the enlargement of resources but their depletion; not
the replenishing of irreplaceable human skills but their final disappearance;
not the greater wealth of the nation but its steady impoverishment; not an
extension of democracy and equality but a concentration of power, a tighten-
ing of control, a strengthening of privilege; not the hopeful hymns of progress
but the somber sounds of despair, and disquiet.
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Appendix I

(see page 159)

The GE Record-Playback was an example of elegant engineering. Each axis of the machine tool was
motorized, and geared to the feed-motion drive motor was a selsyn generator. The selsyns were the
key to the system; they translated linear motion into angular motion and angular motion into voltage
phase signals, and vice versa. With the selsyns geared to the drive motors, there was established a
fixed correlation between the crucial variables; 0.075 inch of linear motion along an axis was equiva-
lent to one revolution or 360° angular rotation and 360° or one full phase shift in the voltage signal.

To record, the motions of the machine along its several axes, or the motions of a tracer stylus,
were recorded on different tracks of a magnetic tape, along with a reference signal for synchronization.
The motion signals represented the phase of the output voltage of each selsyn, which corresponded
to the angular position of the selsyn rotor and the linear position of the machine member (longitudinal
feed, cross slide, etc.). On playback, the tape would be read to re-create the motion signals along each
track of tape and these would be transmitted to the appropriate axis control. At the same time, the
reference signal would be transmitted to each selsyn and the selsyns would then be caused to generate
a voltage signal whose phase corresponded to its rotor position and thus the actual linear position

On the GE Record-Playback system: Larry Peaslee, “Tape Controlled Machines,” Electrical Manu-
facturing, November 1953; Darren B. Schneider, “Programmed Machine Tools” (typescript), October
25, 1957; “A Brief Look at Metalworking Program Control,” November 16, 1960 (both courtesy of
Darren Schneider); Schneider, correspondence, 1977; ‘“Record-Playback Control,” GE Publication
GE A-6092; John Dutcher, letter to William Stocker, American Machinist editor, “N/C Systems
Questionnaire,” April 1957 (courtesy John Dutcher); “Giddings and Lewis Numericord System of
Machine Tool Automation,” Giddings and Lewis Publication, Bulletin NR-1 (courtesy Harry An-
keney); Harry Ankeney and John Dutcher, ‘“Record-Playback Control of a Hypro Skin Mill,”
October 26, 1954 (courtesy John Dutcher); Patents on GE Record-Playback: O. W. Livingston et al.,
“Programming Control System,” U.S. Patent No. 2,537,770 (issued January 9, 1951); O. W. Living-
ston, “Record-Reproduced Programming Control System for Electric Motors,” U.S. Patent No.
2,755,422 (issued July 17, 1956); Lowell Holmes, “Magnetic Tape Recording Device,” U.S. Patent No.
2,755, 160 (issued July 17, 1956); Lawrence Peaslee et al., “Error Signal Developing Means for Position
Programming Control System,” U.S. Patent No. 2,866,145 (issued December 23, 1958); Lawrence R.
Peaslee, “Programming Control System,” U.S. Patent No. 2,937,365 (issued May 17, 1960); O. W.
Livingston, “Position Control System,” U.S. Patent No. 3,051,880 (issued August 28, 1962).
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of the machine member at the moment. This selsyn signal and the motion signal from the tape would
then be compared in a “phase discriminator” and the phase difference, or error, signal would be
amplified to actuate the feed-drive motors. The motors would then be caused to change the linear
position of the machine member in such a way as to minimize the error, that is, to bring the angular
position and thus the phase signal of the attached selsyn into correspondence with the recorded
command signal from the tape. Thus, a closed-loop feedback system was maintained throughout,
which insured that the position of the machine members at any given moment actually corresponded
to the recorded information, and the original motion was faithfully and continuously reproduced. In
addition to motion, the system could also be used to record and play back intermittent (on-off)
functions, such as the control of spindle motor, oil pump, or coolant pump, by superimposing the
necessary signals on one channel of the magnetic tape.



Appendix I

(see page 166)

In the early 1950s novelist Kurt Vonnegut was a technical writer and publicist at GE headquarters
in Schenectady. “The first fully automated machine tool I saw, a secret then,” Kurt Vonnegut later
recalled, “was a milling machine . . . rigged to cut rotor blades for gas turbines. I was told that the
project was undertaken because cutting rotor blades was so difficult for ordinary machinists to do.”
Vonnegut remembered that “there was sheepishness on the part of those who showed me the
arrangement. I had become friends of those working on it in my capacity as a company publicist. They
wanted no publicity this time, however. . . . No publicity was wanted for the obvious reason that the
union would put the ugliest possible interpretation on the development. The union would frighten
their members with the prospect of being canned. Nobody had to explain that to me. My duty was
to write and release only stories which would make everyone think well of the company.”

Among management and the engineers, though, some of the “older men on the project were
sentimental about the company and its skilled workmen,” Vonnegut noted. “They spoke frankly of
unhappiness that would be caused by automation. Their unease, in fact, inspired me to write Player
Piano. ” But, Vonnegut added, there was “‘no negative talk” or “refusal to take part.” Above all, “there
was universal belief that all technological advances were by definition good,” and “that automation
would get rid of dehumanizing work.” The spectre of technological unemployment was discussed, but
dismissed as the nonsense of jeremiads.

Player Piano, published in 1952, was a thinly disguised description of General Electric and
Schenectady. GE people read it enthusiastically, if for no other reason than to see if they could identify
themselves or their friends in it. Most dismissed the story itself, and its message, as fictional excess.
Holmes saw it as “nonsense,” a series of mere ‘“fanciful exaggerations.” Vonnegut “imbibed too
much,” he concluded. Vonnegut began his book with words intended for obsolescence: “This book
is not a book about what is, but a book about what could be.” He described a world utterly divided,
in the wake of automation, between the engineers and managers, on the one side—epitomized by Paul
Proteus and the displaced workers, on the other—epitomized by Rudy Hertz. The former ran the
world, and enjoyed the prerogatives of that responsibility, as well as the other privileges that came
with it; the latter ran repair shops if they had good fortune, or provided shady services for the
engineers if they did not. They also imbibed too much.

This account is based upon correspondence with Kurt Vonnegut, 1977, an interview with Lowell
Holmes in 1977, and Vonnegut, Player Piano (Avon Books, 1967), pp. 37-8.
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The world was split geographically (Ilium was where the factories were and where the masters
of automation lived; Homestead was where the “reeks and wrecks” struggled to survive). But it was
also split emotionally and spiritually, between confidence and despair, the future and the past, life,
however sterile, and undignified death. Vonnegut explained how it all came to pass.

The lathes were of the old type, built originally to be controlled by men, and adapted during the
war . . . to the new techniques. . . . The group, five ranks of ten machines each, swept their tools
in unison across steel bars, kicked out finished shafts onto continuous belts, stopped while raw
bars dropped between their chucks and tailstocks, clamped down, and swept their tools across
the bars, kicked out the finished shafts onto. . . . Paul unlocked the box containing the tape
recording that controlled them all. The tape was a small loop that fed continuously between
magnetic pickups. On it were the movements of a master machinist turning out a shaft for a
fractional horsepower motor. . . .

Twelve years earlier Paul had been in on the making of the (Record-Playback) tape.

He and Finnerty and Shepherd, with the ink hardly dry on their doctorates, had been sent to
one of the machine shops to make the recording. The foreman had pointed out his best man
[Rudy Hertz] . . . and, joking with the puzzled machinist, the three bright young men had hooked
up the recording apparatus to the lathe controls. . . . Paul remembered . . . the deference the
old man had shown the bright young men.

Afterward, they’d got Rudy’s foreman to let him off, and, in a boisterous, whimsical spirit
of industrial democracy, they’d taken him across the street for a beer. Rudy hadn’t understood
quite what the recording instruments were all about, but what he had understood, he’d liked:
that he, out of thousands of machinists, had been chosen to have his motions immortalized on
tape.

And here, now, this little loop in the box before Paul, here was Rudy as Rudy had been
to his machine that afternoon—Rudy, the turner-on of power, the setter of speeds, the controller
of the cutting tool. This was the essence of Rudy as far as his machine was concerned, as far
as the economy was concerned. . . . The tape was the essence distilled from the small, polite man
with the big hands and black fingernails; from the man who thought the world could be saved
if everyone read a verse from the Bible every night; . . . Now, by switching in lathes on a master
panel and feeding them signals from the tape, Paul could make the essence of Rudy Hertz
produce one, ten, a hundred, or a thousand of the shafts.

One day, Paul Proteus, fresh from the factory, drives across the river into Homestead. He is
haunted by what has become of the world. He enters a bar, where he is immediately cornered by an
old man who is desperate to find employment for his son. “. . . isn’t there something the boy could
do at the Works?” he pleads. “He’s awfully clever with his hands. He’s got a kind of instinct with
machines. Give him one he’s never seen before, and in ten minutes he’ll have it apart and back together
again.” Paul tears himself away. “He’s got to have a graduate degree,” he tells the man. “Maybe he
could open a repair shop.” In the bar, Paul Proteus encounters also the now aged and slightly senile
Rudy Hertz. Rudy greets Paul effusively and ostentatiously, proudly introducing him as a friend to
his fellows. At the bar, he offers Paul a toast, and, taking a coin from his pocket, starts up a tune
on the player piano in the engineer’s honor.

Rudy acted as though the antique instrument were the newest of all wonders, and he excitedly
pointed out identifiable musical patterns in the bobbing keys—trills, spectacular runs up the
keyboard, and the slow, methodical rise and fall of keys in the bass. “See—see them two go up
and down, Doctor! Just the way the feller hit ’em. Look at ’em go!”

The music stopped abruptly, with the air of having delivered exactly five cents worth of joy.
Rudy still shouted. “Makes you feel kind of creepy, don’t it, Doctor, watching them keys go up
and down? You can almost see a ghost sitting there, playing his heart out.”

Paul twisted free and hurried out to his car.
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(see page 173)

Shortly after the September 5, 1951 meeting, Edwards brought Charles Kezer of Fairchild and
Alexander Kuhnel of the Austin Company together again, with another engineer from the Douglas
Tool Company in Detroit, to try to develop the record-playback magnetic tape approach further. A
short time before, Kezer had been project engineer at the Glenn Martin Company in Baltimore, where
he had developed (along with David Terwilliger and Harry Sohn) a magnetic tape record-playback
control system for the T-13 flight gunnery trainer. The tapes which controlled the trainer’s motions,
to simulate actual flight and gun-laying, were prepared by recording signals from selsyns on a tracing
machine, which was used to trace cams that had been cut by the Stibbitz card-controlled two-axis
milling machine at the University of Texas Defense Research Laboratory. In short, the trainer control
system was very similar to the GE record-playback system when recordings were made by tracing
templates. “The trainer was a success,” Kezer recalled. “It functioned so well that a contract for an
additional five units was received at over a million dollars each.”

Yet, Martin never used this approach for machine tool control. Instead, working with Kearney
and Trecker Machine Tool Company and Bendix and funded by the Air Force, Martin developed
one of the first numerical control machines. William Lambden, the engineer who introduced the N/C
system at Martin, later acknowledged that record-playback might have been simpler. “It’s a human
problem,” he explained. “No one wants to develop a system that’s easy or simple; it’s not as
challenging or exciting,” even if it is more practical and economical. Kezer left Martin to become
chief engineer at Fairchild Recording Equipment Corporation, part of the conglomerate that had been
created by Sherman Fairchild. Along with Edwards and Kuhnel, he put his experience with record-
playback to use in developing a machine control for a multiple-axis, eight-spindle machine, for cutting
turbine buckets, but this work was halted when the proposal to the Air Force was rejected.

Kuhnel, chief engineer for the Austin Company, was a control system specialist who had
experience with Air Force missile tracking systems and had developed methods of recording digital
data on magnetic tape. He had also been an MIT student, class of 1931, but had to drop out to go
to work. Edwards had heard of Kuhnel’s work with magnetic tape and had invited him to the meeting
at MIT and later worked with him on the turbine bucket machine project. Kuhnel developed the

This account is based upon interviews and correspondence with Charles Kezer, Alexander Kuhnel,
and William Lambden in 1980, an interview with Kenneth O’Connor in 1980, and Nathaniel Sage to
Douglas Tool Company, November 16, 1951, N/C Project Files, MIT Archives.
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electronic system for that machine and the control system was in fact demonstrated and delivered,
but when the Douglas chief engineer on the project, G. B. Hallahan, was fired, the project was dropped
completely. After that, Kuhnel and Edwards put together several other proposals for the AMC, with
which they hoped to develop the record-playback approach and demonstrate its advantages. But
AMC never funded them and, finally, Kuhnel simply gave up.

According to a former colleague, Ken O’Connor, now president of Advanced Technical Systems
(formerly Austin Electronics), Kuhnel was a “pure genius who developed stuff that nobody thought
would work.” Kuhnel, in turn, described Edwards as a “very sophisticated engineer, very knowledge-
able in the machine tool field, [who] knew what he was talking about.” Edwards, Kuhnel later
recalled, “felt very strongly about the value of magnetic tape systems, as compared with numerical
control digital systems. The tape preparation was much easier. It was simple to record motions of
a machine on tape, while manually controlled, and play it back to control many machines. There was
no computer necessary. Also, speed was critical. [At the time], you couldn’t get the speed with
punched tape data that you could get with magnetic tape.” Edwards “was very concerned that
magnetic tape systems were not getting sufficient attention. He complained that nobody wanted to
push it. He was so determined, he was sold on this, and felt that it was the only way to go, the only
economical, practical way.” But, Kuhnel concluded, “he was frustrated, both by the apparent reluc-
tance of the machine tool industry to adopt more progressive methods, and by the low priority that
the AMC placed on the projects he wanted them to sponsor.”



Appendix IV

(see page 188)

N/C-type programming for robots was pioneered in the 1950s by Edwin F. Shelley and his colleagues at
US Industries. While research director at the Bulova Watch Company, Shelley sought ways to
eliminate repetitive, monotonous manual tasks typical of light assembly work. In 1959, after moving to
US Industries, Shelley filed for a patent on an ““automatic handling and assembly servosystem,” a device
which evolved into US Industries’ Transferobot. This fully programmable positioning system was
designed for precision parts transfer and accurate placement operations for small parts, and had closed
loop positioning control in three axes. Unlike the record-playback Unimate, the Transferobot was
programmed much like a plugboard-type N/C machine. A kinematic study of the task to be performed
was made to break it down into a series of discrete motions described as a sequence of positions. These
preselected motions (and times) were listed in order on a process sheet and then transcribed onto a
cardboard template used to pre-set the machine control. The template was placed over a panel of
switches on the machine control and indicated which switches had to be thrown to achieve the desired
sequence of motions. (The template also constituted a permanent record of the program which could be
used to reconfigure the machine identically for future performance of the same operations.) The
Transferobot was widely advertised as a reliable, low-cost, off-the-shelf, fully programmable automa-
tion device suitable for a broad range of industrial applications. US Industries President John Snyder
explained that the Transferobot marked ‘“‘a significant step in the process ofliberating the working force
of this country from mechanized drudgery” and Shelley estimated that it could displace a minimum of
three million workers. The company scheduled their robot’s debut for Labor Day, 1959. (Widely
publicized also was a joint effort by US Industries and the International Association of Machinists to aid
displaced workers; US Industries paid “dues” on each Transferobot sold to underwrite a cooperative
American Foundation on Automation and Employment, which was devoted to worker retraining.)
Several Transferobots were in fact sold to manufacturers of clocks, typewriters, automobiles, and candy
but this pioneering venture into industrial robotics was prematurely interrupted when, in 1963, US
Industries decided to discontinue its robot business, for financial reasons.

Edwin F. Shelley et al., “Automatic Handling and Assembly Servosystem,” U.S. Patent No. 3,007,097
(filed September 2, 1959, issued October 31, 1961); US Industries brochures (Robodyne Division); “An
Electrically-Programmed Small Parts Handling Device,” Automatic Control, February 1960; John
Snyder, quoted in Chicago Daily Tribune, September 8, 1959; Edwin Shelley quoted in Edwin Darby,
“Builds Robot to Man Production Lines,” Chicago Sun Times, March 28, 1960, p. 44; telephone
interview with Edwin Shelley, November 1983.
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(see page 203)

The Giddings and Lewis Numericord system, as has already been described, used an off-line “Direc-
tor,” which interpolated the punched-tape data and converted it to phase analog signals on magnetic
tape, which was then used to run the GE record-playback machine controls. The Bendix “Direc-
topath,” designed by Calvin Johnson and his colleagues, was essentially an improved and transistor-
ized version of the MIT control system. An all-digital design, it featured punched tape input and
interpolation at the machine, without any conversion to analog signals or magnetic tape intermediary.

The ECS “Digimatic” system was similar to the Numericord in that it had a magnetic tape as
the machine control input medium, and an off-line interpolator to produce the magnetic tapes. Unlike
the Numericord, the Digimatic was a fully digital system; the signals on the magnetic tape were
discrete pulses and the control was thus incremental like the MIT system. The outstanding feature
of the system, according to Jack Rosenberg, who did much of the design work on it at the ECS
Division of Stromberg Carlson (General Dynamics), was the manual programming capacity. The ECS
system came equipped with a keyboard-equipped desk with a special-purpose computer which trans-
lated manually entered decimal data into fully interpolated digital signals on magnetic tape. The
general approach was thus similar to that of Hans Trechsel at Gisholt, who designed a manual
programming desk for the Factrol turret lathe, except that the output of the Gisholt system was analog
“motional™ signals on magnetic tape. Both were designed to facilitate manual programming and
render the process accessible to shop-trained personnel, and both thus allowed for the entry of part
information in the same form as that traditionally used on part drawings and in manufacturing

Harry Ankeney, “The Numericord System,” Glenn R. Petersen, “General Electric Numerical Con-
touring Control,” and Murray Kanes, “Bendix Tape Control System,” all in Proceedings of the EIA
Symposium. Jack Rosenberg, “Digimatic Control System: Technical Description,” Proceedings of the
EIA Symposium; Rosenberg, “A History of Numerical Control”’; John Dutcher to William M.
Stocker, May 15, 1957 (courtesy John Dutcher). J. M. Morgan, “The Cincinnati System,” Proceedings
of the EIA Symposium; John Dutcher to William M. Stocker, May 15, 1957; North American Aviation
Corporation, “NUMILL,” brochure, N/C Project Files; John L. Bower, “The NUMILL,” in Pro-
ceedings of the EIA Symposium; see also Peter J. Farmer, “Analogue Control, Application of EMI
Control System to a Standard Vertical Milling Machine,” Aircraft Production (London) (April 1956),
pp. 126-34; Peter J. Farmer, “Fairey-Ferranti,” Aircraft Production, May 1958, p. 174; ““Co-ordinate
Control of Machine Tools,” Engineering (London), June 11, 1954.
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instructions for conventional machine tools. “We spent much effort to design our equipment to accept
data in standard form,” Rosenberg later recalled, and, as a result, “our systems were kept busy” while
others stood idle for lack of tapes. The ECS system, then, was “designed to be technically and
economically suitable for use in commercial shops”; it was a “‘complete system enabling either the
methods planner, designer, or machinist to proceed from a conventional part drawing through
the entire cycle, ending with the desired machined part.” Not everyone was convinced that this
was the best approach. John Dutcher of GE, who evaluated the four systems for the American
Machinist in 1957, observed that, with the ECS system, “tape preparation of the machine control tape
would be very cumbersome and time-consuming except for the very simplest shapes,” and pointed
out that the system did not compute tool center offset, a most difficult part of programming. “As I
understand it,” Dutcher noted, “they are now talking about changing to use a general-purpose
computer.”

Finally, the Cincinnati control system, designed by the British firm Electric and Musical Indus-
tries, Ltd (EMI), was the most unusual of the four. Like the Numericord, it featured absolute rather
than incremental (relative motion) control and was an entirely analog system, based upon variations
in voltage signal amplitude rather than phase displacement, as in the GE system. It used punched-card
input and interpolated the data into analog signals at the machine, by means of an electro-mechanical
device based on stepping switches and a unique toroidal auto transformer. According to GE’s
Dutcher, the system did not perform as reliably or accurately as anticipated (with ten volts corre-
sponding to one hundred inches of table distance, an error of one-thousandth of an inch represented
a voltage too small to detect, Dutcher thought). In any case, Cincinnati soon abandoned the EMI
system in favor of NUMILL, a digital system patterned after the Bendix and MIT approach and
developed by North American Aviation’s Autonetics Division. Although these were the four systems
selected by the Air Force, they were not the only ones. Ferranti of Edinburgh, Scotland, developed
a digital system, based upon the MIT model but using magnetic tape machine control input, for Fairey
Aviation. Designed by D. T. N. Williamson, it featured a linear optical grating position indicator,
the Farrand Optical “inductosyn” transducer. Other systems were subsequently developed by Thomp-
son Products (“Director Control System”) and the Teller Company (the A. G. Thomas, Industrial
Controls Corporation, system).
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