




































































































































































































































































































































































































































































































































































































































































































































































Instead, on 14 June DDP agreed to build the new facility in Montreal’s Cote de Liesse area 2 By
the time the 90,000 square foot factory opened in the summer of 1952, the Department of
Defence Production had poured a total of $3.3 million dollars into the new facility: $63,815 for
the land, $1,790,000 for the building, and $1,496,185 for the equipment.

In alittle over a year after its opening, Sperry Canada’s staff swelled to over 1,100
Most of the staff were production workers engaged in high-precision manufacturing.'* Airspeed
indicators, altimeters, machometers, gyrocompasses, and gyro-horizons were the company’s
bread-and-butter. The Sperry machometer was a sophisticated piece of equipment that gave a
continuous indication of a plane’s Mach number. Because the Mach number relates to shock
waves and aerodynamic stability, the machometer was considered essential for safety in high
speed fighter jets. The Sperry gyrocompass consisted of a gyroscopic unit and a “flux valve"
mounted on the fighter’s wingtip. The flux valve sensed the Earth’s magnetic field and used this
information to keep the plane on course during wrbulence.'® By the time the defence-spending
boom had passed in 1955, the Montreal Sperry plant had manufactured nearly 6,000 aircraft
instruments."” In addition to its Canadian market mandate, Sperry Canada also obtained the
North American mandate to manufacture air-driven gyrocompasses and gyroscopic horizons.

(...continued)
latter manufacturing activities represented this company’ efforts to survive the contraction in military spending
following the end of the Korean War,

2 Until 1950, Céte de Licsse remained an undeveloped street. However, by the end of the Karean War considerable
industrial location had taken place on the street, such as Canadian Aviation Electronics (CAE), Bepco Canada Lid.,
RCA Victor, Hollinger-Hanna Shore and Labrador Railway Co. and the Standard Electric building, which housed the
offices of Sylvania Electric, Chrysler, and Shell.

“ThcseﬁgwesamemuimheMimnesoﬁthwdDixmsMeeﬁng.zoJulywﬁ. Sperry-Rand, Minute Books,
box 29, Sperry Gyroscope Co. of Canada Lid. In 1954, Sperry Canada gained ownership of its manufacturing
facilities. The sale price was half the ariginal cost. In addition, the Department of Defence Production agreed to build
inanwlmeddcprednﬁmmcinmmemmtcmmwimSpmyCMfamaddiﬁmdyem

" This figure was mentioned in interviews government representatives had with Sperry Canada’s Employment
Manager. Employment Forecast Survey Interview Report, 7 May 1956, DDP, Accession 70/349, box 558, file 200-13-
395.

“ThehighptecisimmmoﬁhewakledSpulyCmndamhireﬁﬁywudnmkm. "The work here,” observed
one Sperry Plant Superintendent, "is very meticulous involving production and assembly of fine gears, wheels and
pinions and s lot of detailed wiring. For instance, the motor that powers the standard gyroscope is about two inches in
diameter and turns over 2400 revs a minute.” Employment Forecast Survey Interview Report, May 7, 1956, DDP,
Accession 70/349, box 558, file 200-13-395. Surprisingly, few women were hired to do the fine assembly work.

"Fammwchﬁcddixumimoﬂheduignmdmmnfmeoflhminsmens see Crawford, “Instruments to
keep pace with today's aircraft.”

" King, "Instruments and Controls: Key ltems in Air Power."
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Government procurement had successfully encouraged the diffusion of production
engineering to Canada, but it had yet to provoke any transfer of design engineering or the
creation of any significant research and development program. The parent fim designed all the
aeronautical instrumentation manufactured at Sperry Canada.'* Where Sperry Canada had an
ostensible R&D mandate, which was in rocket and automatic fire control, progress was non-
existent. One reason was the lack of any direct parent firm investment to support such a
program." The other was the absence of government contracts in this domain. During the Korean
War, the Canadian military viewed Sperry Canada simply as a local manufacturer of American
instrument technology. As the Government’s resolve to finance the technological and industrial
burden of "military self-reliance” waned in the years immediately following the rearmament
boom, Sperry Canada abandoned all hope of developing its mandate in rocket and fire control
systems. Instead, as the next sections discusses, the company set about to create a new product
mandate for itself within the Sperry empire; a mandate that would break the Canadian
subsidiary’s total dependence on military contracts.

After the Defence Procurement Binge: The Imperative to Define a New
Technological and Business Strategy

The momentum of the Korean War government procurement at Sperry Canada continued
through 1955 after which it dropped by over 50 percent in 1956 and 1957.% The contraction of
Canadian military equipment spending in the mid-1950s underscored the vulnerability of Sperry
Canada’s total dependence on defence business. From a peak labour force of 1,100 at the height
of the Korean War, Sperry Canada had by 1956 slashed its workforce to 400. With the

'* The machometers were manufactured under license from the Kollsmann Co.

"'lhereaderwillreallthndleseemdmissimsmcmmtinSpettyCamdakfamdingchmwu "to design,
manufacture, purchase, sell, lease, import, export and deal in any gunfire, bomb, torpedo and rocket control
cquipment appliances and devices, for use on or under the sea, on land, or in the air.”

% The total contracts awarded for 1953, 1954, 1955, 1956, and 1957 were $1.3, 1.6, $1.2, $0.6, and $0.8 million
respectively. These figures were pieced together from monthly announcements, in Canadian Machinery and
Manufacturing News, of Department of Defence Production contracts issued to Canadian companies. The data was
limited because the contracts listed were at least $10,000 and did not include any secret military projects. The first
limitation means that the totals for Sperry Canada were slightly underestimated. There is no evidence known to this
author to suggest that Sperry Canada had obtained any substantial secret weapons cantracts. The 1953 and 1955
values may be significantly undervalued because data for three months were unavailsble.
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unpredictability in the timing and size of military contracts, it became very difficult for the
company to maintain a stable labour force. The other problem, of course, was the under utilized
productive capacity of the 90,000 square foot plant during the lulls in military procurement. The
unreliability of defence procurement made year-round plant utilization impossible to maintain.

After having built an important Canadian manufacturing facility from the ground up,
Wence King and his Canadian executives were not about to let their company die because the
military well was running dry. Their minds turned to finding civilian applications to which
Sperry Canada’s technical expertise could be tumed. Around 1956, the company set out a long-
term strategy to redirect 50 percent of its engineering, manufacturing, and sales efforts to the
civilian market.* To make this transition, Sperry Canada had to face some hard questions. What
should the new product be? How would the development of this product be financed? And how
could Sperry Canada’s efforts to define a technological and commercial future articulate itself
within the parent firm's long-term business strategy? The imperative to diversify into the civilian
sector also forced Sperry Canada to confront its non-existent research and development capacity.

Dramatic changes within the American parent firm created both an opportunity and an
additional compelling reason for Sperry Canada to redefine its business activities. Sperry
Corporation, a large, multi-divisional corporation whose business activities spanned all manner
of sophisticated weapons systems, aircraft and marine instrumentation, electronic component
manufacture, hydraulic servo-controls, and farm machinery, merged on 30 June 1955 with the
Remington Rand Corporation. Remington Rand had its origins in gun production: E. Remington
& Sons, created in 1856, had become famous for the rifle bearing their name. Over the next
hundred years, the Remington organization branched out, through numerous acquisitions and
mergers info the office equipment market.” Like its office equipment competitor, IBM,
Remington Rand had moved into electronic data processing technology; in 1951, it had created
the Univac Division through the acquisition of the Eckert-Mauchly Computer Corporation® and
Engineering Research Associates of St. Paul and Minneapolis.

By the time of its 1955 merger with the Sperry Corporation, Remington Rand had grown

% The 50 percent figure was explicitly mentioned in Sperry Gyroscope Co. of Canada Employment Forecast Survey
Interview Report, 7 May 1956, DDP, Accession 70/349, box 558, file 200-13-395.

”SeebﬁefhismialovetviewoﬂhekeminngdeurpaaﬁmmM.N. Rand, Report To Operations
Committee of Sperry Rand Carporation, 24 February, 1958, Sperry Rand, Sperry Gyroscope, Minute Books, box 30,
file Operations Committee.

3 Eckert and Mauchly had formed this company to commercialize their pioneering work on the ENIAC camputer.
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into a business with net sales of over $250 million. * It employed 13,000 people in thirty
manufacturing facilities scattered across twenty cities. It produced all manner of office equipment
and supplies, civilian and military electronic computer systems, photographic supplies, and
electric razors.” For its office equipment business, Remington Rand also maintained a 6,100
person sales-and-service network in 230 locations, and a network of 10,000 authorized dealers.

Rather than any drastic reorganization and rationalization, the merger of Sperry and
Remington Rand created two parallel lines of management authority. The co-ordination of these
two powerful interests took place at the highest level, at the Executive Committee. * The Sperry
portion of the new company consisted of four fairly independent units, which reflected different
markets and technologies: the Sperry Gyroscope Inc. ("Gyro Group"), Vickers Inc., the Ford
Instruments Inc. and the New Holland Machinery Inc.” Sperry Canada was one of eleven
geographically dispersed divisions that comprised the Gyro Group.

"Divisionalization and decentralization" became the prime directive soon after merger.?®
Fundamental to this strategy was the principle that each division define its own product mandate.
In effect, Sperry Rand became a "federation"” of co-operating profit centres, each with its own
distinctive, self-funded research and development programs, and product lines. An essential
feature of the co-operation was that the profit centres avoid competition among themselves. In
the case of the Gyro Group, these ideas were enshrined, in 1958, as corporate commandments.
"EACH UNIT OF THE GYRO GROUP SHALL: 1) Develop, design, manufacture and sell the
product lines prescribed by its charter; 2) Refrain from entering new product areas, or areas

# Taken from balance sheet data found in Rand, Report to the Operations Committee of Sperry Rand Corporation,
24 Fcbruary 1958

* Remington Rand manufactured its first electric razors in 1937. This business had a separate sales and service
network of 1,800 wholesalers and 75,000 retailers.

¥ This Committee was made up of Sperry Rand president, executive vice-president, general counsel, treasurer, and
secretary, and two additional executive vice-president from cach of the two parallel lines of authority. Harry Vickers
(President of Sperry Rand), Memorandum on Corporate Reorganization, 8 January 1958, Sperry Rand, box 30, file
Operations Committec Meeting January 8, 1958.

7 The Remington Rand Group also consisted of divisions: Remington Rand Division, Electric Shaver Division,
Univac Division, and International Division. Sec Chart 2 - Sperry Rand Organization in Countermeasures Division
(Sperry Gyroscope Company), Presentation To The Operations Committec: Sperry Rand Corparation, 20 October
1958, Sperry Rand, box 30, file Operations Commitiee Meeting 20 October 1958.

# The other nine divisions were Aero Equipment, Air Armament, Tubes, Marine, Microwave, Surface Armament,
Wright, Semiconductor, and Engineering and Manufacturing Services. Carl Frische (President of Sperry Gyroscope),
The Gyro Group: A Progress Report, 7 February 1958, Sperry Rand, box 30, file Operations Committee Meeting 7
November 1958.

® Carl Frische, The Gyro Group: A Progress Report, 7 November 1958
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assigned to other divisions, without prior approval, or specific approval, by the Chairman of the

Products Committee; and 3) Purchase its requirements from other units of the Gyro Group or of

the Corporation to the greatest possible extent."*’ The last commandment attempted to reinforce
complementarity, as well as to minimize cash outflows, by requiring each profit centre to favour
internal over extemal sourcing.

Divisionalization and decentralization not only offered Sperry Canada the opportunity to
define its own product mandate area, but they also made it essential. The product-oriented
rationale that defined the corporate and geographic organization of Sperry Rand under
divisionalization also compartmentalized R&D.*' The absence of a central corporate source of
R&D thus opened the door for an independent Canadian design program -- provided that this
program did not impinge on some other division’s territory. For Sperry Canada, being a profit
centre became a two-edged sword. With R&D autonomy came the burden of self-financing. In
seeking to develop a new product area for itself, Sperry Canada had to juggle market
opportunities, avoid territorial conflicts with other divisions, make the best use of a
manufacturing facility originally designed for the production of fighter aircraft instruments, and
test its ability to finance the development and commercialization of all prototypes.

In 1955 Sperry Canada sent engineers to various industries to assess technological
opportunities. Control technologies were the focal point of the company'’s industrial inquiries.
Why control technologies? This particular technological inclination was a legacy of the only, and
as yet unrealized, R&D mandate Sperry Canada had in its founding charter. Unable to design,
manufacture, and export rocket and fire control systems, Sperry Canada switched to civilian
applications that entailed similar principles of negative feedback and servo-control. Inquiries to
the pulp and paper industry to discover potential applications for control technology proved a
dead-end. Atomic Energy of Canada Limited, on the other hand, asked Sperry Canada to design
power controls for its reactor technology. Despite the initial success, Sperry Canada eventually
dropped this business in the early 1960s because it yielded only one-off sales, as Atomic Energy

¥ See figure 12, Ibid., 27,

% At one point, the downward trend in profits provoked the president of the Gyro Group to rethink the way Sperry
Rand organized its R&D. Frische observed that "it might be difficult 10 maintain continuous long-term research
programs within the framework of product-ariented operating Divisions and some consideration is being given to the
feasibility of establishing an R&D organization and facility for the common benefit of the Gyro Group.” Frische, The
Gyro Group: A Progress Repart, 7 November 1958.

243



of Canada Limited took Sperry Canada’s designs and manufactured them in cheaper shops 2 In
1955, the Canadian subsidiary also started to consider the still embryonic field of numerical
control (NC), which represented the revolutionary application of digital electronics to the
operation of machine tools.

Canada’s First Designer and Manufacturer of Numerical Control Technology

Numerical control (NC) was pioneered under the patronage of American military
enterprise. The development of supersonic aircraft, which started during the late 1940s, created
new manufacturing demands on the aviation industry. As the weight of on-board weapon systems
climbed, it became imperative to minimize the weight of the aircraft’s frame while at the same
time maximizing its strength. Machining large sections of an aircraft from solid pieces of metal
produced frame structures with a higher strength-to-weight ratio than the conventional practice of
rivetting aircraft together from a large number of parts. To machine down the walls of the aircraft
structure to a minimum thickness, without compromising structural integrity, required cutting
metal in an extremely precise manner, along very complex paths. This high-precision machining
was an extremely time-consuming process. Furthermore, if, after hours of work one mistake was
made, the entire piece had to be scrapped and the work started again. As fighter-aircraft designers
pushed the limits of performance, the precision and complexity of aircraft-machining demanded
ever higher levels of precision and complexity of operation. Machining time grew linearly with
the top speed of the fighter aircraft.® Similar machining demands were presentin the
construction of rocket, missile, and satellite systems.

Work at the Massachusetts Institute of Technology, under the patronage of the American
Air Force, demonstrated that the use of electronic, digital, servo-control techniques could
accelerate the production of these complex, machined parts. The machining operations were
encoded in a digital format: punched holes on a tape. The NC tape resembled the continuous loop
of punched cards used by Jacquard in 1805 to automate certain aspects of weaving. In Jacquard’s

* This anccdotal story comes from the founder of Sperry Canada, B.W. King. Burton Wensley King, interview with
this author, 18 February 1985, Computer Oral History Project, National Museum of Science and Technology, Ottawa,
Canada.

1. 1. Childs, Numerical Control: Part Programming (New York: Industrial Press, 1973), 5.
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System, digital information of a particular weave pattern was conveyed from the cards to the
loom through mechanical rods. In the NC system, the tape’s control information was passed on
electronically to the machine tool’s actuators. The key to NC technology lay in the closed
feedback loop that automatically, quickly, and accurately, ensured that the cutting tool was doing
precisely what it should be doing at precisely the right spot on the workpiece.

In 1955, when Sperry Canada decided to experiment with NC, the technology was still
esoteric and only a handful of American companies were trying to commercialize it. No one in
Canada had any real technical knowledge of the NC. Sperry Canada’s experimentation with NC
technology had to start from zero. The company’s first task was to find a development engineer
with a good grasp of both mechanical and electronic design. Late that year, Sperry Canada hired
Peter Herzl. Bom in Vienna, Herzl had immigrated to Canada in 1939, where he later received
his Bachelors of Mechanical Engineering degree from McGill University. After his first job at
Northem Electric, Herzl had gone to RCA Victor, Montreal, where he had becme involved in
designing new ways to automate various manufacturing processes in the company’s plant.
Though this automation had not been NC-based, in Sperry Canada’s eyes, Herzl’s experience in
both mechanical engineering and electronics made him a excellent candidate to head up the NC
experiment. This choice turned out to be a wise one. Herzl’s considerable inventive talents
became the comerstone of Sperry Canada’s successful entry into the NC business.

From the moment Herz!'s first prototype proved successful in 1957, Sperry Canada set
out to claim NC as one of its product mandates within the Sperry Rand Corporation. The
Canadian subsidiary’s NC ambitions, however, had to confront an immediate challenge posed by
the head office of the Sperry Gyroscope Group (Gyro Group) at Great Neck, New York. The
need for high precision, small batch machining of complex parts was an essential feature of the
weapon systems development work done by the all the American divisions of the Sperry
Gyroscope Group. Some time around 1956, work started at the Great Neck headquarters of the
Gyro Group to develop in-house numerical control technology to meet its own manufacturing
needs. The American company also hoped to spin-off a commercial business from the in-house
NC developments at its Great Neck facility. The focus of the parent firm's NC development
program was on very large, sophisticated, and expensive prototypes.*

With limited development funds of its own, Sperry Canada’s NC design philosophy

¥ Peter Herzl, interview with this author, 7 February 1995.
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focussed on simpler and less expensive solutions to handle less complex machine operations. The
imperative to diversify required putting a new product on the Canadian market quickly. Modest
design ambitions thus ensured a shorter innovation cycle. For similar reasons, Sperry Canada
confined itself to point-to-point machine tool operations rather than complex, contour-cutting
operations. Herzl's patents demonstrated that within these design constraints there was room for
considerable product innovation.

Within the logic of divisionalization and the harsh realities of declining profits, it made
no sense for the Gyro Group to have two divisions with NC product mandates. Although the
group at Great Neck had succeeded in building several sophisticated NC systems for its own
machine shops, no commercial sales had ever resulted. Meanwhile, Sperry Canada started to find
customers for its simpler NC technology. By early 1958, the head office decided to relinquish
any commercial interest in NC and the president of the Gyro Group recognized Sperry Canada’s
claim to a global NC mandate. Out of the eleven divisions comprising the Gyro Group, Sperry
Canada was the only one listed with a program to develop numerical control. If there were doubts
about this decision within head office, they were silenced after the Great Neck manufacturing
facility put Sperry Canada’s technology on several of its own machine tools >

Through a series of inventions, Herzl singlehandedly addressed all the key technical
components needed to build an NC system. The exactitude of the digital machining data
contained on punched tape would be of little utility if it could not be properly translated by the
machine tool’s positioning system, which was analogue by its very nature. The electric or
hydraulic actuators that moved the machine tool's table and cutting instruments also were
analogue devices, as were the systems used to measure position. Depending on the machine tool,
the table on which the work piece sits could weigh several tons. Getting this table to move very
quickly and precisely to digital NC instructions demanded very responsive and accurate analogue
actuators. Herzl’s work produced positional and actuating systems of considerable accuracy and
responsiveness.** Though NC heralded the ascendency of the digital paradigm into the forces of

* Heral recalls that several Sperry Canada NC systems were installed at Great Neck. He suggests that the successful
operation of the Canadian numerical control systems playedmimpamumlchinmingthe(iyroGrmphead
office’§ confidence in the technical merits of the Canadian system.

% These innovations werefolmnlizedinaseriesofpa!ems.hadenogetthemostpmteeﬁmofacmmercill
development, Sperry Canada tended 10 delay filing patents until the product was ready for commercial sale. This

meant that the filing dates on Herzls patents came at least a year after the idea was designed, tested and
implemented. Peter Herzl, Fluid Valve Apparatus, Canadian Patent no. 646,723, filed 16 July 1959, issued 14 August

(continued...)
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production, the thrust of Herzl’s innovations revealed that the real engineering challenge in
building a successful NC product lay in developing better analogue technology.

Gyro Group’s management had given NC to Sperry Canada, but another group within the
Sperry Rand empire retained ambitions in the same area. Harry F. Vickers had founded the
Vickers Company in 1920 to produce specialized hydraulic machinery.” The Sperry Corporation
acquired Vickers in 1937. By the time of the merger, Vickers produced all manner of hydraulic
equipment for industrial, mobile, marine, ordnance, and aircraft. Unlike the Gyro Group, the
Vickers Group had strong interests in the civilian market. The Vickers Group had "devot{ed] a
large share of its program to the development of [hydraulic] servo-controlled machines."® Since
hydraulic servo-controls were a key component in an important class of numerically controlled
machine tools, the Vickers Group’s desire to commercialize this technology thus became a
natural extension of its long history in the hydraulics business.

In a 1959 examination of all the product development being undertaken by the Gyro,
Vickers, and Ford Instrument Groups, the Committee on Fields of Endeavour noted the Sperry
Canada and Vickers overlap in machine tool controls. But the Committee made no
recommendations about whether to encourage or discourage this overlap in product jurisdictions.
The Vickers Group had greater financial resources and corporate clout than Sperry Canada. But
any Vickers Group ambitions to lay claim to NC had to deal with Sperry Canada’s clear technical
lead. While the Vickers Group was still struggling to develop an appropriate electro-hydraulic
valve, Sperry Canada had already designed and built the entire NC system. For example, in 1959,
Sperry Canada demonstrated a commercial NC system which impressed observers by its ability
to move an 8,000 pound machine tool bed quickly while still maintaining a repeat accuracy of

(...continued)

1962. Peter Heral, Positional Control System and Pick off Therefor, Canadian Patent no. 668,938, filed 21 January
1960, issued 20 August 1963. Peter Herzl, Digital-to-Analog Converter, Canadian Patent no. 625,838, filed 4
February 1960, issued 15 August 1961. Peter Herz, Reliability Check for Programmed Multi-Channel Position
Conurol, Canadian Patent no. 624,649, filed 4 February 1960, issued 25 July 1961. Peter Heral, Coarse-Fine
Positioning System, Canadian Patent no. 714,200, filed 12 J anuary 1962, issued 30 July 1965.

¥ Among the company’ first innovations were a balanced vane type hydraulic pump for powering hydraulic control
systems and a hydraulic power-steering device for automobiles. See "Sperry Rand Corporation Chronology,”
Inventory for Accession 1910. Hagley Museum and Library.

* Sperry, Ford and Vickers Committee on Fields of Endeavour, Participation of the Sperry Group in FIELDS OF
ENDVEAVOR, March 1959, 27, Sperry Rand, Harry Vickers Papers, box 13, Stockholder Relations, file 1959.
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.00005 inches.” To what extent the Vickers Group continued to spend money on its own NC
ambitions is not own, but a decade later, its interest in the NC business resurfaced and it became
embroiled with the Canadian government in a struggle to ship technology developed by Sperry
Canada back to its plant in Detroit.

Having won the right to develop NC, Sperry Canada now faced the daunting task of
finding the money to do it. The absence of parent-firm funds to directly support Sperry Canada’s
development of NC was symptomatic of a corporate culture shaped by the deep pockets of
American military. In 1959, for example, the United States Pentagon, paid for 99 percent of all
the R&D undentaken by American Sperry Corporation.*’ Military R&D entailed few financial
risks. With the military as the dominant source of R&D revenues, gambling its own money to
create new civilian markets did not appear to be part of the American Sperry corporate ethos. But
this was exactly what Sperry Canada hoped to do with NC.

Even if the other divisions had been open to underwriting some portion of Sperry
Canada’s NC program, Sperry Rand’s deteriorating profits during the late 1950s made this
possibility even more remote. Sperry Rand’s percent of return on capital investment fell from 9
percent for the 1955-56 fiscal year to 3.5 percent for the 1958-59 fiscal year.*' The Remington
Rand portion of the new company saw its profitability tumble from a 7.32 percent return on
investment to in 1955 to 0.53 percent in 1958. The Sperry half of Sperry Rand exhibited similar
declines. Sperry Gyroscope's Treasurer, E. M. Brown, called his group’s long-term decline in
profits “alarming.” From a value of 21.91 percent in 1954, the Gyro Group’s retumn on capital
invested steadily declined to a value of 6.9 percent in 1959.*

¥ The total cumulative error, over any number of operations, remained less than .00025 inches. “Positioning control
holds .00025 limits; rugged enough for use but in the shop’.” Canadian Machinery and Manufacturing News 70 (June
1959): 98-100.

“ See Chart Al, "Group Activities Showing Customer and Company Funds," in Sperry, Ford and Vickers
Committee on Ficlds of Endeavour, Participation of the Sperry Group in FIELDS OF ENDVEAVOR, March 1959.
The major sources of military funding was for the development of missile systems and subsystems, radar systems and
bombing-navigation systems. Of the massive missile program launched by President Eisenhower in 1957, Sperry had
a role, either as a prime contractor or subcontractor, in 35 missile projects including ICBM Atlas and Titan, the
IRBM Navy Polaris, the Redstone, the Bomarc, the Jupiter, the Nike, and Sparrow missiles. See the table entitled,
The Breadth and Depth of Sperry Rand Participation In The Nations Major Missile Programs, Sperry Rand,
Gyroscope Co., box 31, file Operations Committee Meeting 26 January 1959.

“ Return on Total Assets, Sperry Rand, Sperry Gyroscope Co., Minute Books, box 31, file Operations Committec
Meeting, 26 January 1959.

 The definition of the return an capital invested used here is the ratio of net-income to total assets, and not to
capital employed. The 1959 value was a forecasted figure. E. M. Brown, Presentation on Cost Plus Fixed Fee
(continued...)
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An uncertain Canadian defence market did not help matters. Sperry Canada’s capacity to
finance NC development depended entirely on the its ability to siphon money off any surpluses
generated by its defence contracts. Sperry Canada’s Industrial Relations Manager lamented the
"horribly” competitive military equipment market in Canada in which there were "too many
companies competing for the very few Defence contracts available.™ The uncertainty of military
procurement manifested itself in the company’s financial planning. In 1958, the Sperry Canada
Board of Directors rescinded a total of $683,000 of previously approved capital appropriations.
In 1961, another $109,000 was rescinded. In these circumstances Sperry Canada’s ability to find
“approximately $460,000 in the development of numerically controlled equipment and
techniques” by the end of 1961 attests to the company’s determination to gamble on its
technological vision and market ambitions.“

Though the Sperry Rand corporate federation did not contribute directly to R&D on NC
in Canada, it did play an important role in offsetting some of the instability in the Canadian
defence market that Sperry Canada faced. Throughout the late 1950s and early 1960s, the various
divisions in the Gyro Group subcontracted work to their Canadian partner. Sperry Rand used the
United States - Canada Defence Production Sharing Agreement, whose objective was to give
Canadian companies access to American military procurement, 1o bring more American military
spending into the overall corporate coffers. In 1961, 75 percent of Sperry Canada’s $7 million

(...continued)

Contracts, 1 April 1959, Sperry Rand, Gyroscope, Minute Books, box 31, file Operations Committee Mecting, 25
August 1958. In an attempt to underscore that this decline was not due to excessive profits in the earlier years, Brown
predicted that the Gyro Groupt 1959 aﬁer-uxmmminveswdupimlwuﬂdbemly.wamuge. half the
average of the 100 largest U.S. manufacturers. Brown$ argumentation on this point is weak. He uses data from “The
One Hundred largest Manufacturing Corporations in 1956," The National Industrial Conference Board's Business
Record, XV (February 1958): 68-9, to substantiate his comparison. Despite the 1958 publication data, this data is for
1956. If one looks at the Gyro Groups after tax percent return on invested capital during the 1956-57 fiscal years, the
company comes close o the average. However, its performance still falls far below that of the top fifty companies. In
actual fmSpeuyGymsupekpamtemmﬁwesmmhaddedimdsmdﬂysﬁwe 1940. Sperry Gyroscopes
most profitable years, in terms of percent of retum on investment, were from 1935-39. Surprisingly, the very sharp
im:useinsalcsdmingbahWaldenlndﬂleKoremWnrdidlinletoalmlhismProﬁvsusapercemof
sales, however, did show considerable movement. Graphs depicting changes in profits, profits as percent of sales and
reannminvestmem.uweuntotalsdammpﬂedbyme&esidmtoftheSparyGWCo.inareponto
the Sperry Rand Board of Directors. Frische, The Gyro Group: A Progress Repart, 7 November 1958.

 Employment Forecast Survey Interview Report, DDP, Accession , box 555, file 200-13-395.
“D. A. Golden (Deputy Minister of Defence Production), Letter to the Secretary of the Treasury Board, 19
December 1961, IC, box 1784, file P8270-270/S18-10, pt. 1.
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sales were from exports, an unusually high percentage for the Canadian manufacturing sector.*S
Most of these sales had originated from intra-firm purchases by the other divisions of Sperry
Rand.* The subcontracting work entailed nothing more than routine parts manufacturing and
assembly. Nevertheless, it was an important source of revenue for the Canadian subsidiary that
generated the internal funding for NC development.*

Despite the early success of Sperry Canada’s first experimental prototype in 1957 and its
first commercial system in 1958, it took several years before Sperry Canada’s investment in NC
bore fruit. In 1961, Sperry Canada saw total NC sales climb to sixty systems. *® For the 1960-61
fiscal year, the value of Sperry Canada’s NC systems added up to $1 million, or about one-eighth
of the company’s total revenues. For the 1961-62 fiscal year, sales climbed to $2 million.

After several years of work and $460,000 of investment from its limited surpluses, the
acceleration of sales engendered great enthusiasm and optimism. One Sperry Canada official
concluded that the 1962-63 sales would double again to $4 million. To enhance its competitive
position, Sperry Canada maintained a constant rhythm of NC development engineering. Three
years after the appearance of the Mark I, Sperry Canada had improved its technology three times,
with the Mark II, Mark III and Mark IV. With most of Sperry Canada’s NC sales in the United
States, Germany and Switzerland, the company’s President boasted that his company was proving
that made-in-Canada technology could succeed in global markets.® In the spring of 1963, to
penetrate the European market, Sperry Canada signed a licensing agreement with an Italian firm,
Nuova San Giorgio, S.P.A. of Genoa-Sestri to manufacture the Canadian NC technology in
Europe.® As one trade journal noted, the alliance with the Italian company was, "to sidestep the
rising scale of duties and competitive manufacture in European [Common Market] which could

© Ibid.

“ In late 1961, Speery Canada reccived an order of $2 million from Sperry Rand. Within a few months, Sperry
Canada was to receive an additional order, or a comparable amount, from the parent firm. Taken together $4 million
dollars of purchases from the parent firm represented a large proportion of Sperry Canada’ $7-8 million sales. Jbid,

“ There have been no historical studies, to this author’s knowledge, that examine how American multinationals,
with branch plants in Canada, used the Defence Sharing Agreement.

“ The figure of 60 was reported in Metal Working News, 28 August 28 1961.

* This amount was stated in Golden, Letter to the Secretary of the Treasury Board, 19 December 1961
 Canada Month, 1 (July 1961):12.

5 Industrial Canada 62 (April 1963): 17.
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eventually shut out the Canadian built equipment."** There was even talk of Sperry Canada
licensing its technology to a Japanese firm. 5

Two contracts, one from Swiss machine tool maker Societe Genvoise d’Instrument de
Physique (SIP) and the other from American aerospace company, Rocketdyne, symbolized
Sperry Canada’s worldwide competitiveness in NC technology. SIP, an internationally renowned
machine tool maker, was synonymous with ultra-high-precision engineering. Sperry Canada had
initially used SIP’s small jig borer to prepare the first accurate measuring scales for its NC
systems. SIP played an active role in helping Sperry Canada adapt its machine tool to
manufacture these scales. In the process, Herzl built up a close working relationship with SIP’s
chief engineer. SIP already had an NC technology for its very large and expensive jig borers. In
1961, Herzl convinced the Swiss machine tool maker’s technical people that Sperry Canada could
produce a simpler and cheaper NC system to accompany SIP’s smaller line of jig borers® The
machining tasks of the jig borer fit perfectly into Sperry Canada’s market expertise of point-to-
point NC technology.*

Both the President of the Gyro Group in the United States and Wence King, the
President of Sperry Canada, considered the SIP deal as the prestige contract and the pivotal
opportunity needed to gain industry-wide recognition. After all, if SIP decided to attach Sperry
Canada digital controllers to its machine tools, then how could lesser lights refuse to follow suit?
But if Sperry Canada failed to meet SIP’s high-precision standards, the marketing consequences
would be disastrous. Bob Cox, the Manager of Engineering Development at Sperry Canada, later
recalled how everyone felt that the SIP contract could make or break Sperry Canada’s NC
diversification strategy.*® When it was completed, the Sperry Canada NC system guaranteed a
remarkable overall accuracy of eighty millionths of an inch in the positioning cf the jig-borer’s
table and spindle-head. Sperry Canada controls became a standard feature on SIP’s smaller 3KCN

%2 Canadian Controls & Instrumentation 2 (April 1963): 7.
® krwin Wolfe, Canadian Machinery and Metalworking 73 (April 1962): 36-38.

* Sperry Canada was awarded the SIP contract in the spring of 1961. Brief announcement in Metalworking News
(New York), 8 May 1961.

* The key innovation here was to develop digital-to-analog and analog-to-digital interfaces to SIP' rather unique
measuring system. SIP designed and manufactured its own lead screw measuring systems. For each Jead screw, SIP
would custom make a cam that would correctly compensate for any small errors in the lead screws production. SIP
prided itself on the accuracy of this solution. Sperry Canada had to adapt its NC technology to SIPS unusual
approach.

% Bob Cox Interview, 25 January 25, 1995.
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and SECN jig borers.”” The first such system sold by SIP went to Aviation Electric, a subsidiary
of the Bendix Corporation, itself a prominent manufacturers of NC.5

Developing digitally-controlled inspection systems offered another outlet for Sperry
Canada’s point-to-point NC technology. In 1961, the Rocketdyne Company™ in Los Angeles
received $400,000 from the United States Air Force to build two prototype, numerically
controlled inspection machines.*’ In the aerospace industry, inspection was a critical step in the
production process. Discussions of NC usually focus on the speed and precision needed to
machine very complex one-piece metal structures. An equally important aspect of the early
development of NC was the development of digitally-controlled, automatic, inspection machines.
Depending on the complexity of the machining, the task of ensuring that the final metal part
corresponded, within very precise tolerances, to the specifications given in the engineering
diagram could be far more labour-intensive and time-consuming than the actual production of the
piece. Rocketdyne restricted bidding on the prototype of the numerically controlled inspection
systems to four companies, Sperry Canada being one of them. One can assume that Rocketdyne’s
selection reflected its satisfaction with an NC system that it had already bought from the
Canadian company.

To win the Rocketdyne contract, Sperry Canada turned for the first time to the Canadian
govermnment for financial subsidy. Sperry asked the Department of Defence Production (DDP) 10
cover any losses arising from a below-cost bid. Of the $400,000, it was estimated that only
$160,000 to $200,000 would be available for the sub-contract to design and build the digital
controller for the inspection unit.* Sperry Canada argued that if it forewent any profit, the design
and construction of the two prototypes would cost about $236,000. To come in at a bid of
$160,000, Sperry Canada asked the DDP to cover the difference of $76,000. After assuring

57 SIP’ single order for fifteen NC systems from Sperry Canada prompted one trade journal to call the sale "probably
the largest single order for numerical units ever placed by a European company.” Canada'’s Machine Production,
January 1963. Afier this initial order, the Iialian firm San Georgio signed a licensing agreement to produce and sell
Canadian NC systems in Europe. For many years after, San Georgio continued to sell a transistorized version of the
original Sperry Canada NC system to SIP.

* H. G. Hauck (Manager of Industrial Marketing, Sperry Canada), Numerical Control Newsletter #6, 13 February
1963, Accession 1910, Sperry Rand Records, Harry Vickers Papers, box 13, file - Sperry Gyroscope Company Group,
1962-64, the Hagley Museum and Library

% Rocketdyne was a division of California-based North American Aviation.

 Golden, Letter to the Secretary of the Treasury Board, 19 December 1961.

¢! The rest of the $400,000 would £0 to the machine tool builder who would build the machine-bed for the
inspection unit.
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himself that $400,000 was all the American Air Force was going to pay Rocketdyne, the Deputy
Minister of DDP, D. A. Golden, sent a long letter to the Treasury Board in support of Sperry
Canada’s request. Having already financed much of its NC program entirely from company
funds, Sperry Canada, argued Golden, was an exemplary Canadian corporate citizen that
deserved assistance. But even more important, noted Golden, the development of these two
prototype NC inspection machines could, in the short- to mid-term, be the basis for $1 million of
additional export sales. DDP provided the subsidy. Without DDP support, Sperry Canada would
never have won the Rocketdyne contract.

The Rocketdyne inspection machine contract reveals that Sperry Canada’s efforts to
diversify into the "civilian" sector nevertheless depended greatly on the American military-
industrial complex. In the area of digitally-based controls for machine tools, the defence-oriented
companies were the single largest consumer group of numerical control technology in the United
States. By the end of 1962, the American Air Force had single-handedly supported the purchase
of $60 million of NC technology. In 1963, the acrospace industry alone accounted for 36 percent
of all numerical control installations in the United States. One survey estimated that by the end of
1964, this figure would climb to $100 million. 2.

During the early 1960s, a sizeable portion of Sperry Canada’s NC business arose directly,
or indirectly from the American defence program. After Sperry Canada completed the two
prototype NC inspection machines for Rocketdyne, the United States Air Force paid the
Canadian company for two more such systems; one to be delivered to the Boeing Aircraft
Company in Seattle, and the other to the McDonnell Aircraft Company in St Louis. Pleased with
Sperry Canada’s abilities in NC technology, the U.S. Air Force also granted the Canadian
company a $400,000 industrial R&D contract.®® Rarely before had the American Air Force
granted an NC development contract to a company outside the United States. In addition to
systems paid for by the Air Force, Sperry Canada also shipped NC technology for the machining
needs of American Navy and Amy, and the American Atomic Energy Commission related
programs.

Despite the preponderantly American defence-based demand for NC systems, Sperry

€ This information was a cantained in ane of Sperry Canada’ proposal submissions to Canada’ Department of
Industry. Sperry Gyroscope Company of Canada, Limited, Proposal to the Department of Industry Concerning the
Development of Numerical Control Systems, IC, vol. 1784, file P8270-270/S18-10, pt. 1.

© The purpose of this R&D contract was to develop a highly precise machine and digital adaptive control system for
the production of small bore holes to extremely tight tolerances in acrospace materials. Ibid.
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Canada had believed from the outset that the domestic market could serve as an important source
of revenue. The company’s desperate effort to market its technology as a "natural” for Canada
tried to play off the findings of the 1957 Royal Commission on Canada’s Economic Prospects.
The Commission pointed to the dilemmas of a small domestic market as one of the principal
obstacles blocking the growth of a competitive manufacturing sector.* Ninety-four percent of
Canada’s total secondary manufacturing output was for the domestic market. This reliance on an
intemal market, which had been first nurtured by the National Policy, constrained economic
opportunities. If Canada had a massive domestic market, then this reliance would have been more
an asset than a liability. After all, the United States’ successful economic development stemmed
from its massive domestic market. The large intenal American market formed a supportive
environment for the development of the American System of manufacture, which later grew into
the mass-production paradigm. Alfred Chandler’s work shows how the expanding American
domestic market also supported the rise of the multi-divisional firm and the rise of the American
system of management.® Dependence on a small market, according to this report for the
Commission "prevented [Canadian secondary manufacturers] from obtaining the maximum
economies from mass production and specialized operations."*

Another structural weakness of Canadian secondary manufacturing, which the report also
tied to the dilemma of a small market, was the proliferation of shorter and more varied
production runs. "In comparing manufacturing plants in Canada and the United States," observed
Fullerton and Hampson, "one is struck not so much by the relatively greater size of the United
States production units - although United States plants are usually somewhat larger - but by the
fact that the Canadian plant in practically all cases produces a much greater variety of products
for its size."” To illustrate the problem, Fullerton and Hampson referred to the testimony of one
manufacturer:

“ D. H. Fullerton and H. A. Hampson, "Canadian Secondary Manufacturing Industry,” for the Royal Commission on
Canada’s Economic Prospects, May 1957.

¢ Alfred Chandler, The Visible Hand: The Management Revolution in American Business (Cambridge, Mass.:
Belknap Press of Harvard University Press, 1977)

* Fullerton and Hampson, "Canadian Secondary Manufacturing Industry,” 63.
 Ibid., 72.

254



There is potentially as great a variety of 1astes and quantity
requirements in a market of 15 million as there is in a market of ten
times that size; but only in the larger market will the minority
requirements be large enough to warrant economical production in
specialized plants. Where an American plant manufactures a single
type of brick, we have 1 produce five, six or more different colours,
grades and finishes.®

Sperry Canada’s Marketing Manager, Hugh Hauck, understood that the dominance of
Fordism, with its specialized tools and high set-up costs amortized over large production runs of
one product, had tumed Canadian small batch production into a competitive handicap. "Our
market is too small to support mass production with specially designed automated machine tools,
and our labor costs are too high to make us competitive with our high-labour content methods of
manufacturing,” wrote Hauck in 1962.% In mass production, the costs of retooling are relatively
small because they can be amortized over very large production runs. But for small production
runs, of the order of 20 to 100 units, which characterized most Canadian machine shops, the
costs of retooling comprised a large portion of the total costs. Hauck preached NC as the ideal
answer to the competitive challenges facing Canadian machine shops. Numerical control
technology, he argued, "allows standard machine tools to be automated for economical short or
medium-run production runs. By simply changing a tape you change your product."” In 1957,
the Fullerton and Hampson study had underscored the inability of Canadian manufacturers to
justify specialization on economic grounds as an important impediment to competitiveness.
Hauck argued that the flexibility of numerical control would at last level the playing field for
Canadian manufacturers.

When Sperry Canada first set about developing its technology and business strategy in
the 1950s, the company was convinced that Canada would be a major market for NC. To Sperry

@ Ibid. Diversification was itself a Canadisn manufacturing strategy "to reduce the handicap for short runs in a
relatively small and fragmented market.” While an American tire manufacturer produced for a large orders of only a
few types of tires, its Canadian counterpart manufactured 600 different types of tires in much smaller batches. Some
Canadian wire and cable plants produced over 1,000 kinds of wires.

® Hugh G. Hauck, "Arc We Snubbing a Profit Maker,” Canadian Machinery and Metalworking 73 (January 1962):
48.

™ Ibid. Sperry Canada$ espousal of the advantages of NC for the Canadian context was picked up by other
observers. “A possible answer to the problem of applying automation to short-run production is numerical control of
machine tools”, wrote the journal Plant Management. " Available for some time, it is surprising that more companies
have not taken advantage of it. There are probably no more than half-dozen installations in Canada.” "Numerical
Control Equipment,” Plant Management 7 (February 1962): 33.
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Canada'’s surprise, Canadian machine shops did not beat a path to this new digital technology that
promised more flexibility. From 1954 to the end of 1962, only nine NC systems found their way
onto Canadian shop floors. To make matters worse for the company, only two of the nine NC
systems were made by Sperry Canada. In the United States the total number of NC systems by
then had surpassed 2,300.” By any measure of comparison, NC technology was extremely under-
represented in Canada’s industrial infrastructure. Though the relative distribution of machine
tools between the United States and Canada closely matched the ratio of their GDPs due to
manufacturing, the relative distribution of NC systems was about 230 to 1.7

Sperry Canada’s efforts to market its NC products domestically were frustrated by the
Canadian metalworking industry’s perception that NC was only a mass-production tool, hence
inappropriate for Canadian machine shops. Why Canadian industry had this perception is not
known; but it lingered on beyond the 1960s.™ Sperry Canada’s Manager of Engineering

7 The figure of nine NC systems in Canada was extracted from a special issue of Canadian Machinery and
Metalworking, 77 (April 1966). From the table, on pages 130-7, of all NC installations, onc can select out those
installed on, or before, 1962. The U.S. data comes from "Machine Tools with Numerical and Prerecorded Motion
Program Controls,” Current Industrial Reports Series BDSAF-630(63)-1 (Washington D.C.: U.S. Bureau of the
Census: 28 August 1964).

72 The proportion of the U.S. GDP arising from manufacturing was cighteen times larger than Canadas. Bernard
Mueller, A Statistical Handbook of the North Atlantic Area (New York: The Twentieth Century Fund, 1965). As an
internal report within Canada’s Department of Industry noted, in 1965, the U.S. was investing about $1.5 billion per
year on machine tools and $250 million in NC technology. In Canada, the annual investment in machine tools was
$75 million and $5 million in NC technology. "This means,” the brief underscored, "that our demand was one-
twenticth of the USA and the numerical content one-fifticth.” Advanced Machine Tool Development, 6 May 1965,
IC,vol. 1784, file P§270-270/S18-10, pt. 1. In 1962, with only nine NC systems in Canada, this disproportion was
probably even more exaggerated.

7 "The acceptance of [NC] is still agonizingly slow,” observed ane writer for Canadian Machinery and
Metalworking. He then added: “the view that it is best suited 10 a large volume still lingers - along with other
misconceptions.” T. W. Weissmann, “Can You Really Afford to Be Without Tape Control?” Canadian Machinery
and Mesalworking 75 (April 1964): 110. According to a 1966 survey on the state of NC in Canada, the increase to
120 NC systems in Canadian machine shops demonstrated that the misconception of NC as a mass-production
strategy was less widespread than in the early 1960s. The fact that the number of NC installations was not higher
indicated that this misconception was nevertheless still present. Richard M. Dyke, "Numerical Control In Canada,”
Canadian Machinery and Metalworking 17 (April 1966): 75-127.

Even as late as 1982, about twenty five years after the appearance of the first NC system in Canada, this
digital production technology was still not widely diffused. One survey, carried out by the Canadian Manufacturers
Association and the CAD/CAM Technology Advancement Council, found that only 38 percent of the metal
fabricating industry used NC. "Information Needs of Canadian Companies on Computer Aided Design and Computer
Aided Manufacture,” February 1982, Results of Questionnaire Prepared by and Distributed by the Canadian
Manufacturer's Association in Cooperation with the CADICAM Technology Advancement Council.

Another speculative explanation over Canadian industry’ perception of NC as & mass production technology
may have been management$ belief that sutomation was only a strategy for lowering labour costs. As late as the
1980s, Canada’s CAD/CAM Council lamented how Canadian management had failed to see that other nations were
using electronic, digitally- based, machine-tool automation to increase market share. "Canadian industry tends to

(continued...)
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Development, Bob Cox, encountered this misconception when he went to work for RCA in 1965.
Cox, who brought the first NC systems into RCA Montreal, recalls that "when [he] tried to sell
NC to Jack Sutherland, who was then VP and General Manager of RCA's Government and
Commercial Systems Division, Sutherland would say we were not in mass production.” ™

The high initial equipment cost of NC also reinforced the wait-and-see attitude of
traditionally conservative machine shops. In the United States the start-up costs associated with
NC had been systematically defrayed by defence contracts.”® With no such equipment support
programs in Canada, the machining industry may have sensed a flaw in the economics
underlying the advantages of NC for small production runs. One study found that the average
machine tool in the United States worked only 25 percent of the time.”® But an NC machine,
according to the same study, had to operate at least 75 percent to 80 percent of the time before it
could pay for itself. In the context of small production runs, loading a machine tool to 80 percent
capacity would require producing a steady stream of different, high-precision, machined
products. Was this kind of machining widespread in the Canadian metalworking industry?
Probably not. But at the present stage of research one can neither substantiate nor disprove this
speculation.

Sperry Canada’s NC-based diversification strategy failed to create the fifty/fifty split
between military procurement and civilian markets for which it had hoped. In 1963, nine years
after the company made the decision to gamble on the then nascent technology called numerical
control, the civilian market accounted for only 20 percent of company sales.” Sperry Canada’s
overly optimistic forecasts of rapidly expanding sales became the victims of what Schumpeter
had called the "swarming" effect; a rapid proliferation of imitators who follow the pioneering
innovator/entrepreneurs. Swarming reduces the high profit margins enjoyed by the early

(...continued)

view the new manufacturing technologies in a more actical sense, mainly as a way to shed direct labour even though
labour costs in manufacturing typically accounts for only 10 per cent of total costs.” The Canadian CAD/CAM
Council, Management in Crisis: Implementing Computer Iniegrated Manufacturing in Canada, 1982, 2.

™ Bob Cox Interview, 25 January 25, 1995.

7 Barker Industrial Equipment reasoned that Canada’s import tariff rates, which taxed machines tools at 7.5 percent
and numetical control equipment at 22.5 percent, would privilege made-in-Cansda NC technology. The company
impmedAmaimmachinewolsmdthmﬁnedthemwithSpettyCmadanumeﬁalemtmlmiu.msslruegywas
only of marginal benefit to Sperry Canada. Weissmann, "Can You Really Afford to Be Without Tape Control?”

™ Herbert E. Klein, "Numerical Control: From Class to Mass Market,"” Dumn's Review and Modern Industry (August
1965): 34-5, 63-66.

7 Employment Forccast Survey Interview Report, 2 May 1963, DDP, vol. 555, file 200-13-395.
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innovators due to their monopoly over the technology.

When Sperry Canada first got into the NC business in the mid-1950s there were only a
handful of companies designing and building systems. By the early 1960s, there were well over
100 companies in North America competing for NC business. The effect of this competition was
felt most in the lower end of the NC market in which Sperry had concentrated its innovation
strategy. Sperry Canada was a Schumpeterian firm whose once exclusive North American
technological/market niche was overrun by imitators, mostly American. Faced with this
competition, Sperry Canada decided once again to be a Schumpeterian firm and define a new
exclusive niche for itself through radical innovation. This time it would take aim at the up-scale
market.

In 2 bold move, Sperry Canada decided, sometime in late 1962, to bring the
programmable electronic digital computer directly into the hands of the machinist on the shop
floor. Computer Numerical Control (CNC) was bom. None of the component technologies of
CNC were new. Computer technology was well established. Sperry Canada already had the
digital measuring and actuating technology. However, the integration of all the elements into one
small system that could work directly on the shop floor was a radical innovation, for computer
hardware designed to run in clean, air-conditioned rooms had to be adapted to the harsh
environment of the machine shop. Considerable innovation was thus needed to make the
integration work.

The design of Sperry Canada’s new generation of CNC had to walk the fine line between
the pursuit of sheer technical performance and market realities. Performance sought at any cost,
though acceptable for strategic military projects, would not work in the civilian market. Sperry
Canada’s strategy that hardware compromises could be overcome through software proved
problematic. In the end, as discussed in the next section, the hardware engineer’s lack of
appreciation of the complexity of real-time programming, and management’s inability to subject
software development to the same discipline found in hardware development, led Sperry Canada
into a technical and financial minefield from which the company did not ever emerge fully intact.
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UMAC-5: Performance and Market Flexibility Through Software

Despite the claims of great flexibility, there was no universal numerical control (NC)
system that could be simply plugged into any given machine tool. Considerable re-engineering
was required to adapt a basic NC system t0 each new machine tool. "As the need for more
sophisticated control systems is recognized by users, and as more machine tools are adapted to
N/C." one prominent American trade journal summarized, "many control systems need extensive
modification after initial assembly. Hardware must be adapted to suit specific drive and
operational characteristics. Valuable shop and engineering time is consumed in these
modifications."™ The high costs of these hardware modifications increased the prices of NC
systems. Custom-engineering NC to match the various new generation of multi-axis machine
tools and the new "machining centre" became problematic.” The more complex the machine tool
was, the greater the modification costs.

Sperry Canada took the solution of the adaptability problem as the basis for its future NC
business strategy. In late 1961, the company decided to develop a new generation of NC systems
that could be married easily, with a minimum of re-engineering, to any two, three, four, and even
five axes machine tools. Such a radical innovation, the company reasoned, would lower its
production costs significantly, speed up delivery times considerably, and expand the flexibility of
its NC systems -- in short, increase the compnay’s competitiveness. To want adaptability was one
thing, to achieve it quite another. Sperry Canada’s management and engineers were unsure of the
technical framework for the innovation of this new generation of NC systems.

Yet determined to create this market niche, the company started hiring more Canadian
development engineers. One of these men was Paul Caden, a graduate of the University of
Toronto’s Engineering Physics program. Caden’s first job was on DRB’s Velvet Glove project for
the De Havilland Aircraft Company during the Korean War period.* Borrowed from De

™ William Stocker, "Building Adaptability into N/C,” American MachinistiMetatworking Manufacturing 107 (24
June 1963): 64-5.

P "Machining centres,” which started 10 appear in the early 1960s in the most advanced machine environments,
were capable of a multiplicity of operations in ane setup. Unlike the traditional special purpose machine tool
characteristic of mass-production, a single machining centre could face-mill, end-mill, profile, contour, drill, ream,
tap, bore, and counter-bore in five or more axes.

® The Velvet Glove project to design a short range guided missile arose from Canada’ post-World War I
determination to be an active contributor to the military technology pool of the North Atlantic Triangle alliance. See
(continued...)
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Havilland for a year, he went to the Canadian Armaments Research and Development
Establishment (CARDE), in ValCartier, Quebec, to study the technical feasibility of certain
aspects of the proposed AVRO Arrow project. When he returned to De Havilland, the Canadian
Velvet Glove project had been abandoned in favour of the American Sparrow missile project.
Caden then went to work on the Sparrow, again at De Havilland. Canada’s share in the
development of the Sparrow never materialized. Work on the Sparrow having been cancelled,
Caden moved on to A.V. Roe to work on the Arrow fighter plane. There he did tactical
simulation studies. With the demise of the Arrow, he moved on to CAE in Montreal, where he
designed flight simulators for the Argus aircraft.

In late 1961, Bob Cox, now the Head of Sperry Canada's Engineering Development,
called Caden to enquire if he wanted to work on a new generation of numerical control systems.
The idea of getting involved in sophisticated, digital, machine tool control systems struck a chord
in Caden, and he accepted Cox's offer. Sperry Canada’s management had not even considered the
use of a general purpose-computer when it hired Caden. Instead the company felt that the answer
to greater adaptability somehow lay in more sophisticated and clever hardwired designs. Caden
was hired because of the electronics experience he could bring to bear on the problem. But from
his work at CAE, Caden had become increasingly fascinated by the possible industrial control
applications of electronic digital technology. **

After considerable study, Caden concluded that the NC adaptability sought by Sperry
Canada could best be implemented by embedding a programmable computer into the heart of the
NC system. In this way, Caden reasoned, an NC system could be adapted to any machine tool
configuration, however complex, by simply reprogramming it. It was perhaps inevitable that,
after acquiring a taste for designing computers, Caden would try to push Sperry Canada in this
direction.

Sperry Canada’s management greeted Caden's idea with caution. Skeptics objected that
general-purpose computers tended to be too large, too expensive, or (00 fragile to be placed next
to a machine tool on the shop floor. With no experience in the design, testing and production of

(...continued)
Chapters 24,

*! Work on the Argus simulator had introduced Caden to the design of electronic digital systems. While still at
CAE, he also designed a small relatively simple, solid-state, special-purpose, digital computer to process
hydrographic data.
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computer systems, senior management worried whether the company could undertake building a
computer specifically for the machine tool environment. Sperry Canada’s military systems group
had already built and installed a hybrid digital/analogue tactical simulator on the HMCS
Stadacona for the Royal Canadian Navy (RCN) sometime in 1961.” But the digital computer in
this simulator was an off-the-shelf Packard Bell PB-250. The software development for the RCN
tactical simulator had not been complex, but it still served as a reminder that programming was
not to be taken lightly. Caden’s proposal entailed far more than tinkering with off-the-shelf
technology. As one government expert noted:

While the incorporation of a small digital computer into a multi-axis
numerical control may appear at first hand to be a straightforward
task, in fact, it becomes a special purpose digital system development.
Not only is the equipment itself special, but the type of computer .
programming and the approach that must be taken thereto in order
that it can be widely used also necessitates special development.
Specifically, programming suitable for this special computer must be
written to marry the control to every different machine tool .

Despite the very difficult software challenge, Bob Cox supported Caden’s proposal. In
late 1962, after many studies and presentations, management finally accepted the programmable
computer approach. No sooner had Sperry Canada embarked on the project when the company
naively boasted, in the summer of 1963, that it would soon have a commercial system ready to
£0. The company’s Manager of Industrial Contracts, Hugh Hauck, told one Montreal Gazette
reporter that Sperry Canada had developed a new generation of NC that represented "a major
breakthrough in the industry."* Though no system had yet been delivered, the Senior Editor of
American Machinist/Metalworking Manufacturing, announced that, with UMAC-5's general-
purpose computer, Sperry Canada had solved the versatility problem that had hitherto plagued
NC systems.™ With its CNC system, UMAC-5, Sperry Canada sought to develop one NC system
that could be universally interfaced to any complex machine tool without having to always redo
the circuit design. UMAC-5"s hardware was standardized and fairly independent of the machine

¥ Bob Cox Interview, 25 January 25, 1995.

® W. S. Kendall (Chairman, Electronics Advisory Committee, Department of Defeace Production), Memorandum to
the Inter-departmental Committee, 26 May 1965, IC, vol. 1784, file P8270-270/518-10, pt. 1.

* "Canadian Firm Develops New Control System,” Monzreal Gazette, 4 July 1963, 10.
% Stocker, "Building Versatility Into NC," 24 June 1963.
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tool it was to control. When a customer ordered a UMAC-5, all the detailed information about
the configuration and operation of the customer’s machine tool would be loaded as a program
into the computer before being shipped from the Sperry Canada plant. If for any reason the
customer wished to change the configuration of this machine tool, UMAC-5 had only to be
reprogrammed.

By November, as orders for UMAC-5 came in, the company found itself having to push
back the first delivery into the new year.* Hauck’s marketing was so effective that by October
1964, the company had received thirty-two orders for UMAC-5." The pressure to deliver the first
complete working system mounted. UMAC-5’s development became mired in software
problems. Once Sperry Canada locked on to the idea of flexibility through programming, there
was a tendency to want to design UMAC-5 to be all things to all people. The company wanted to
prepackage more complex multi-step machining operations into subroutines which would
simplify the job of the parts programmer.* In its aggressive marketing promises, the company
had grossly underestimated the time and money that would be needed to develop all this
software. When Sperry Canada embarked on UMAC-5 it mistakenly thought that after designing
and building the hardware, everything else would be relatively straightforward: Simply a Matter
Of Programming (SMOP), as the over-confident UMAC-5 engineers called it. After two years, in
which the software overruns had exhausted the company’s financial resources, SMOLOM
(Simply a Matter Of a Lot Of Money) would have been a better acronym.

The difficulties in UMAC-5’s software development arose from the inexperience of the
design team, the crafi-like nature of programming, and the cost-driven compromises made in the
computer’s hardware. The programmers had little understanding of metal-working or knowledge
of the intricacies of gear boxes, servo-mechanisms, and other aspects of machine tool
construction and operation. Gila Bauer, who headed up the group, was trained as a

¥ "Sperry Has Order Backlog Before First Delivery Made,” Montreal Gazette 15 November 1963, 31.

¥ For a list of the orders see B. W. King (President, Sperry Gyroscope Co. of Canada Lid.), Letter to Department of
Industry, 6 November 1964, IC, vol. 1784, file P8270-270/S18-10, pt. L.

® "Parts programming" should not be confused with the UMAC-$ software development. "Part programming”
entailed preparing the tape with the machining instructions for each job. Part programming was carried out by the
machine shop. UMAC-5% software then translated the very general instructions into all the detailed measuring and
control functions needed to carry out the wark. UMAC-S% software can be likened to the operating system that
oversees a computer’ operation. Part programming was an application that ran within the operating system.
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mathematician.” It is symptomatic that the development of software, which was the essence of
the new Sperry Canada NC approach, had been given to inexperienced computer programmers. If
anything, this choice reflected Sperry Canada's naive belief that programming would be a
relatively simple and routine matter. In time, the programmers gained the requisite experience,
but it was a long and costly process. The consequences of CNC programming mistakes could be
far more dramatic than a simple error message. "It was all too easy for someone who was a pure
programmer,” Cox later observed, "to say 'well I'll just engage this clutch and that clutch’ and
have the spindle gear box going forward and reverse at the same time. The end result was broken
gears all over the floor."* On one occasion, a programmer did not realize that the control
software for a large horizontal boring machine needed to include a limit switch. During a
demonstration of UMAC-S, a software bug caused the table to keep moving in one direction. Not
stopped by a limit switch, the six ton table went off the lead screw and through a brick wall. *
After rying to get programmers to leamn about machine tools, Sperry Canada discovered rather
belatedly that faster results could be had by teaching machine tool technicians how to be
programmers.

The very nature of the art of programming amplified the early problems of inexperience.
"Despite 50 years of progress," observed W. Gibbs in a recent article in Scientific American, "“the
software industry remains years - perhaps decades -- short of the mature engineering discipline
needed to meet the demands of an information-age society."” The thrust of the Gibbs's argument
is that software development has for a very long time been "craft"-based and has escaped the
systematic, disciplined and quantifiable ethos that characterized the emergence of modemn
engineering in the twentieth century. To this day, software is still handcrafted by artisans using
techniques they neither can measure nor are able to repeat consistently. One computer scientist
likens current software development to the craft production that preceded the rise of
interchangeable parts manufacturing.” During the 1960s, when UMAC-5 was being developed,

* Paul Caden remembers two other women, but is unable to recall their full names.
% Bob Cox Interview, 25 January 25, 1995.

% All those to whorm this author spoke made reference to this incident. In Paul Caden’s version, the machine tools
table fell one storey and landed on a parked car!

 W. Wayt Gibbs, "Software$ Chronic Crisis,” Scientific American (September 1994): 87.

% "It} like musket making. Before the industrial revolution, there was a no specialized approach to manufacturing
goods that involved very little interchangeability and maximum of craftsmanship. If we are going to lick the software
(continued...)
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the craft-like nature of software development was even more pronounced.

With litte experience in software development, Sperry Canada’s management found it
even more difficult to subject the craft of programming to strict engineering control. "The
software people tended to be a bunch of mavericks and gurus,” Cox later recalled. "They did not
follow any discipline in documenting or modularizing their programs. They made changes in an
uncontrolled fashion. There was no configuration management on software. People would make
changes in the middle of the night and not tell the next guy."*One Sperry Canada document
reported how "it was virtually impossible to keep accurate records of what individual machine
programmes consisted of."* Sperry Canada’s usual design estimation and control procedures,
which had proved reliable in hardware engineering, failed to get a handle on software
development.

The marketing idea behind UMAC-5 was the cost and time savings to be had by
replacing hardwire re-engineering with "soft-wired" reprogramming. The fact that it took eleven
weeks t0 1oad and debug a program for the prototype did not bode well for profitable sales.% In
addition to the factors cited above, the absence of a high level programming language lengthened
the software development cycle. All programming was done in a very unintuitive and
cumbersome machine language. "As we had no means of automatically assembling master
programmes,” noted one company progress report, "each of the prototype machines had to be
programmed, optimized and loaded command by command. This in tum caused further
problems. It took a great deal of time and money to programme the controls. A great number of
errors were made, some of which were of such an insidious nature that we still have not removed
them from the Avey turret drill we own."” For Sperry Canada’s programmable computer strategy
to succeed, the company had to develop techniques that could generate and document the
software in a quick, predictable and routine manner. To do this, a high-level language had to be

(...continued)
crisis, weke going to have 1o stop this hand-to-mouth, every-programmer-builds-everything-from-the-ground-up, pre-
industrial approach.” Ibid.

% Bob Cox, Private Communication.

% Sperry Gyroscope Company of Canada Limited, UMAC 5§ Development, 1 November 1965, 2, IC, vol. 1784, file
P8270-270/518-10 pt. 1.

% Problems with software also made the installation far more time consuming and costly than was necessary. The
first UMAC-S controlier took ninety days to install. /bid., 8.

Y Ibid., 2.
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developed for UMAC-S; the conventional compilers found on mainframes were unsuitable. ™
The absence of any efficient, program-debugging tools also limited the productivity of UMAC-
5’s programmers.

Sperry Canada’s design strategy created a conflicting set of design objectives whose final
resolution compounded the difficulties of software development. The computer had to be fast
enough to monitor and control machining processes that demanded split second response. At the
same time, the computer had to be small and resilient enough to be placed next to the machine
tool in a harsh, shop floor environment. The production costs for the computer had to be low
enough to allow the company to market it as an economic alternative to existing hardwired NC
technology. Finally, the design had to be simple enough to ensure that the company could
finance development and get a product on the market in a reasonable time.

Although Sperry Canada’s CNC approach was technologically driven, the computer’s
design was pragmatic and cost-driven. After some analysis, Sperry Canada decided that a ceiling
of $5,000 had to be placed on the cost of the computer’s hardware inputs if UMAC-5 were to be
competitive in price.” To keep costs down and simplify hardware design, a serial, rather than
parallel architecture was chosen. This compromise in performance did not pose any serious
problems. However, the decision to go with an all-drum memory was a different matter.
Magnetic cores offered superior performance, but with this memory running about $0.25 per bit
this option would push costs far beyond the $5,000 limit. The choice of a drum for CNC created
as many problems as it solved. Drum memory complicated the task of software development
because of the need for a very efficient programming code to overcome the relatively slow access
time arising from the drum’s non-random access memory. The technical issue was one of how
information was stored on, and read off, the drum.

The memory on the drum was divided into read-only and read/write tracks. The machine
tool operator’s program went on the read/write track. The "firmware,” which took up most of the
drum’s memory, was put on the read-only track at the Sperry Canada plant. This firmware

Mﬁﬂydﬁemummmmmmmsmdmmwgﬁ Sperry Gyroscope Co.
of Canada Lid., PmpmﬂmmeDepmmfhdmwyCmcunﬁ:gmeDevelmemomenuialCmndSysumﬂ
April 1965, 134, IC, vol. 1784, file P8270-270/518-10, pt. 1.

¥ Both Bob Cox and Paul Caden mentioned this figure in oral history interviews. Unfortunately, neither can
remember the details of how the $5,000 figure was arrived at.
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contained all the information and sub-routines needed to compile the part program and then
operate the various parts of the machine tool precisely and in the proper sequence. In a revolving
drum system, any given piece of data appears under the read head once every revolution, which
in this case took seventeen milliseconds.'® For some machine tool operations a maximum
seventeen millisecond access time was acceptable while in others it was not. Servo-commands
were very time-sensitive while the control of such activities as spindle speeds, and tuming the
coolant on and off, were not.

The UMAC-5 prototypes tumed out to be too slow "due to the inefficient distribution of
data on the drum and the absence of ’fast tracks’." When UMAC-5 prototypes were demonstrated
at Sperry Canada, representatives of the machine tool industry were quick to spot the smallest
hesitation in the computer’s control of the movement of the cutting tool or work piece. Caden’s
efforts to time-optimize the software in order to overcome the limitations of drum memory met
with partial success. The pursuit of better real-time performance from a drum memory also
underscored the need to reduce the size and complexity of all the programs that had been
developed, and to optimize their integration.

As software problems mounted, Sperry Canada turned to UNIVAC, another Sperry Rand
division, for assistance. A leading manufacturer of computer technology, UNIVAC hitherto had
shown little interest in applying its expertise to the machine tool market. It had other more
pressing concems: losing a great deal money, UNIVAC was in a desperate fight against IBM for
survival in the mainframe computer business. Nevertheless, as a division of Sperry Rand,
UNIVAC was quite open to intra-firm transfer of its know-how. It provided Sperry Canada with
the printed circuit boards for UMAC-5’s construction. In retumn, Sperry Canada provided the NC
technology for UNIVAC'’s machine shops'® and for the high-speed automated wiring of
UNIVAC's mainframe computers’® Late in 1963, or early 1964, a software team from UNIVAC

100 SpctryCmadamedBrymdnmwhidlwasmnlmnixﬁumcylindeuenimhesindiamelumdﬁvehdmlmg.
Memory was distributed along 96 of the drum’ 100 tracks. The other tracks were for timing purposes. Each track
could hold a maximum of 4096 bits of information. The drum rotated at sixty revolutions per second.

1% "Canadian NC system prunes woling costs in U.S. plant,” Canadian Machinery and Metalworking 74 (April
1963): 170.

1% “An automatic wire-wrap machine fitted with numerical control designed and produced by Sperry Gyroscope Co.
of Canada, Lid., Montreal, is handling 2,000-wire panels at less than 7 percent of the cost of hand wiring."
"Automatic Wire Wrap Proves Out,” Canadian Controls & Instrumentation 2 (February 1963): 36.
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came to Montreal to help accelerate the pace of software development.'® Whatever its
contribution, the UNIVAC team did not, however, cure the UMAC-5 project of its software ills.

In 1965, after two years of work and $475,000 of investment, UMAC-5 development's
was still incomplete.'™ Sperry Canada’s two prototype installations still exhibited "several
important design deficiencies in hardware and software."'® To make matters worse, the Liberal
government'’s cancellation of the defence contract for frigates underscored how Sperry Canada’s
financial capacity to underwrite the completion of UMAC-5’s development still rested
precariously on military procurement. This cancellation reflected the changed perspective since
Canada came into its own in the North Atlantic Triangle alliance as result of its important role in
the Battle of the North Atlantic. After World War II ended, Canada’s military was determined
never to be caught unprepared again. The RCN, which saw its future strategic role as
continuation of its wartime escort role, made plans to build a sophisticated escort fleet. Ferranti-
Canada’s DATAR technology was part of this strategy. Another aspect was the construction of
modem frigates. These ships were to be the modem descendants of the Canadian Corvettes that
had defeated the German submarines in the Battle of the North Atlantic. However, it was not
until 1962 that the Conservative government finally approved the construction of eight frigates,
all to be equipped with the latest weapons systems.

A year later, the Liberals, elected in the interim, had second thoughts about the high
costs of such a naval construction program. In addition, the RCN was now wondering about the
operational limitations of the frigate in modem anti-submarine warfare. Nuclear submarines
could circumnavigate the globe without ever coming up for air; they could disappear easily under
the Arctic ice, they were faster than frigates, and they could launch missiles from the ocean’s
depths. Frigates were at risk of obsolescence. There was even talk that the RCN wanted to
replace the frigates with three submarines or even hydrofoils. On 24 October 1963, the Minister
of Defence, Paul Hellyer, stood up in the House of Commons and announced the cancellation of
the $452 million defence contract, one of the largest single defence contracts since the Korean

'S Paul Caden Interview, 9 December 1994.

1 Ibid.

' Sperry Gyroscope Company of Canada Limited, UMAC 5 Development, 1 November 1965, IC, vol. 1784, file
P8270-270/518-10pt. 1. p. 2
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War.'® Conservative opposition members howled their indignation; Gordon Churchill called
Hellyer’s actions a "crippling setback."” Behind the political controversy stood the economic
impact of the cancellation on Quebec’s shipyards and Canada’s weapon systems industries.

Sperry Canada had a substantial stake in the frigate program. The manufacture of the
ships’ navigation systems was projected to provide the company with 25 to 35 percent of its total
1964 and 1965 revenues. The cancellation was a crushing blow to Sperry Canada and its CNC
ambitions. The funds to support the company’s diversification into NC and then CNC had been
drawn from its defence contract revenues. The cancellation of the frigate program left Sperry
Canada with no money to complete UMAC-S. To compound the company'’s cash flow
difficulties, its parent firm was no longer in a position to make up the shortfall through intra-firm
subcontracting.'®

In its efforts to survive in the civilian market, Sperry Canada for the second time turned
to the state for help. On 6 November 1964, the President of Sperry Canada, Wence King, asked
the Liberal government to share the cost of $125,000 needed to complete UMAC-5's
development. He argued that this support was critical if Sperry Canada were ever going to gain a
firm foothold in a $30 million export market for high performance point-to-point CNC.'® Once
again, King used the export argument to win government support. Management was convinced
that, with its computer strategy, Sperry Canada could win as much as 17 percent of this global
market by 1968.'"

1% Canada, House of Commous, Debates, First Session, Twenty Sixth parliament, Volume 1, 24 October 1963,
3937.

' Ibid., 3998. There was a centain irony in this political debate, which was being fought under the shadow of the
cancelled Avro Arrow program. In Opposition, Hellyer had condemned the Defienbaker government$ destruction of
Canadat defeueeindusu'y.NowitwasdteCmsavaﬁvepmykmtodeaythch’benlpanyk dismantling of the
Canadian defence industry.

'® Sperry Rand’s various American divisions, explained ane company official to a Canadian government official,
"were now experiencing a period of greatly reduced volume and [were] unable to provide subcontract work” to the
Canadian division. R. H. Littlefield, Letter to C. R. Nixon, 11 January 1968, IC, box 1784, file P8270-270/S18-10,
pt. 1.

1% See Chart #3 in B. W. King, Letter to Department of Industry, IC, box 1784, file P8270-270/S18-10, pt. 1.

19 Bendix, Hughes, TRW, and GE had the largest share of the high performance NC business. Sperry Canada
concluded that these four companies would maintain approximately 63 percent of this market over the faresecable
future. ButtheCmﬁmmpmthdmnitwundwhwmcmnkashmdmmm«mﬁm.
AcomdingtoSpeuyledakmnio.iushmwaﬂdm&un6pumh1964.w8perccmin 1965, 14 percent
in 1966 and then taper off 1o 17 percent over 1967 and 1968. With firm orders adding to $1.2 million before even
delivering its first system, the company believed that by 1968 its UMAC-S sales could total as much as $4.5 million.
Ibid., Chart #4.
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In seeking funds from the State, Sperry Canada’s strategy to win a share of the high-
performance NC market consisted of more than point-to-point applications. In point-to-point
machining, the cutting tcol moves only in straight lines relative to the workpiece. Contour
machining entails machining along arbitrary and often complex curves. Sperry Canada’s
management believed that a programmable computer approach also had distinct commercial
opportunities in the contour machining market.""' However, considerable investment was needed
to perfect this line of innovation. In addition to servomechanical innovations, new hardware and
software would have to be designed to meet the faster and more intense computational demands
of contour machine-control. Unable to spend any money in a new round of CNC development,
Sperry Canada tried to get the Government to underwrite this technological ambition. It
confidently forecast that a new UMAC-S for contour applications would capture 10 percent of an
estimated $18 million total global market.'' In terms of its total CNC sales, Sperry Canada
predicted that by 1968, 40 percent would come from contour applications.

About $600,000, according to company estimates, would be required to develop and
commercialize a contour version of UMAC-5. Most of this money was 1o cover the costs of
designing, developing, testing, and commercializing new computer hardware and software.
Preliminary design plans for the new UMAC-5 computer called for the latest micro-circuit
technology, parallel architecture with core memory, a new assembier and Fortran compilers, and
an all important library of real-time, software sub-routines to handle the complex task of
machining over arbitrary curves. Drawing from military systems development, Sperry Canada
also proposed the creation of software to test the system in simulation. Sperry Canada estimated
that it would need twenty months to design the prototype computer systems. An additional
sixteen months would be needed marry the computer and new servo-control technology to a
sophisticated "machining centre” and then to test the entire system. !**

Sperry Canada’s fifty/fifty cost sharing proposal was a poorly disguised attempt to get the
federal government to carry all the costs of developing the advanced version of UMAC-S for
contour applications. The costs to complete the point-to-point version of UMAC-S and build a

"' Among the advantages cited were sn internal computing ability to sharten program tapes; easy set-up features;
high adaptability; a capacity to combine point-to-point and contour capabilities without loss of accuracy; & high order
of interpolation in contour-cutting; easy installation; and the ability to re-enter a cut without retraversing: /bid., 4.

12 Ibid., Chart #3.

1BSee chart entitled "Continuous Path Numerical Control System Schedule,” and graph entitled "Proposed Rate of
Expenditure for Continuous path N/C System,” in Littlefield, Letter 1o C. R. Nixon, 11 January 1965.
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new contour version were $725,000. The company, however, proposed a fifty/fifty split of $1.2
million. Rather than asking for 50 percent of future costs, Sperry Canada wanted the Government
to share the costs of UMAC-5 retroactively to the very beginning of the program in 1962-63. In
effect, Sperry Canada was offering to pay only $125,000 for the completion of the current
UMAC-5 version. The Government’s $600,000 share conveniently matched the total estimated
costs to develop and commercialize a new continuous path, UMAC-5 CNC system.

When the Department of Industry (DOI) balked at this funding ploy, Sperry Canada
revised its cost sharing proposal to a sixty/forty split.''* When the Govemment questioned why
the company’s wealthy parent firm, Sperry Rand, did not contribute to UMAC-5’s development,
Sperry Canada underscored the divisional and decentralized corporate structure of Sperry Rand:
“Each division of the corporation, including Sperry Canada," explained R. H. Little, Director of
Marketing, "is treated as a discrete cost entity. Each division must provide its own funding for its
own operation."*"* The other divisions had absolutely no reason to divert their own precious
R&D funds to Canada.

Within the Sperry Rand empire, Sperry Canada had won the world product mandate for
"numerical and industrial controls." But without government aid, there was little likelihood that
Sperry Canada could tum its ambitions of global technological leadership into profits. DOI,
while receptive to Sperry Canada’s export market argument, also had reservations. In the end, it
was concern over the fate of Canada’s metal-working industries that shaped the govemnment’s
response to Sperry Canada’s call for development cost-sharing. As early as 1958, a warning was
sounded over the impending obsolescence of Canada’s manufacturing infrastructure. "The
machine building industries - machinery, machine shop, machine tools, iron casting, office and
household machinery, electrical apparatus - might be expected to act as bellwethers of modem
production practice,” observed Canadian Machinery and Manufacturing News. The journal went
on to add: "there are more machine tools from eleven to twenty years old than there are under
eleven years. Despite the tremendous expansion since the war almost 60 percent of today’s
machine tools in these industries date back to war’s end or earlier."!s

114 Ibid.
S Ibid,

16 “CN machine tool census sounded industry waming,” Canadian Machinery and Manufacturing 69 (December
1958): 190. In the same issue see also, "Canada has 262,000 machine tools in the metalworking industry,” 126-7; and
(continued...)
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These results, which appeared shortly after the report of the Royal Commission on
Canada’ s Economic Prospects, added another dimension to the Government's concern over the
future competitiveness of the Canadian manufacturing sector. Six years after this report, the
Economic Council of Canada, in its first report, again raised the issue of increasing the
productivity of the nation's industrial infrastructure:

The productivity of a country’s economy...is at the heart of its
economic welfare and prosperity of its people. Productivity gains are
also the essence of economic growth and are the real source of
improvements in average living standards. Moreover, without
adequate productivity growth, a nations’s competitive position...may
be subjected to disturbing pressures and strains.'"’

The Council suggested that in order to reverse the decline in the nation’s productivity, registered
from 1956 to 1963, new emphasis had to be placed on increasing the technological preparedness
of Canada’s industries.

With the Economic Council Report barely a few months old, Sperry Canada’s UMAC-5
funding proposal resonated strongly within the Department of Industry (DOI). The remarkably
slow diffusion of NC technology into Canada’s forces of production was one symptom of the
productivity problem.''* One trade jounal wamed that if the diffusion of NC installations did not
accelerate dramatically, Canada's metalworking industry would “crumble.'® In 1965, in an
effort to interest Canadian industry in NC, DOI actively participated in seminars on productivity
sponsored by the Economic Council of Canada at which NC was the specific theme.'® DOI saw
the capacity to produce this technology indigenously as crucial to furthering the spread of NC in

(...continued)
"How the Census was prepared and what it tell, and how,” 130-50.

17 Economic Council of Canada, First Annual Review: Economic Goals for Canada to 1970, December 1964.

"'* In 1962, there were anly nine NC-equipped machine tools in Canads. By the end of 1964, anly fifty-one machine
tools with NC existed in Canada. Internal Report: Advanced Machine Tool Development, 6 May 1965, IC, vol. 1784,
file P8270-270/S18-10, pt. 1. Over a year later, the number had climbed to 121, cleven of which had been made by
Sperry Canada. Though considerable in absolute terms, in relative terms, Canada still lagged far behind its biggest
competitor, the U.S. While the ratio of machine tools between the U.S.A. and Cansda were 17 to 1, the ratio for NC
systems deployed was 62 to 1. Simon Reisman (Deputy Minister of the Department of Industry), Draft of
Memorandum to C. M. Drury (Minister of the Department of Industry), 21 April 1966, IC, vol. 1784, file P8270-270-
/S18-10 pt. 2.

1'% "Canada must catch up or crumble,” Canadian Metalworking/Machine Production (February 1965): 31-2.
12 Reisman, Draft of Memorandum to Drury, 21 April 1966.
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Canada. When the Government asked what DOI was doing to "promote the use of numerical
control in Canada,” the Deputy Minister replied: "action by the department has taken two forms:
first, the support of the development of numerical control in Canada where applicable, and the
second, the encouragement of the acquisition of numerical controls by industry."'2

Fearful that the nation’s aging stock of machine tools seriously impaired the ability of the
civilian sector to respond to military procurement needs, the Govemment created the Defence
Industry Modemization (DIM) program. Under the DIM program, continued Deputy Minister,

Simon Reisman,

Companies [were] encouraged 1o enter the defence export market
which demands that their products be competitive in quality, delivery
and price with the best American...For relatively short run production
this [meant] usually numerically controlled machines..DIM [was]
used with discrimination to favor such modernisation of facilities
rather than simply 10 expand Canadian production facilities to meet
particular American requirements.'>

Sperry Canada’s ambitions to perfect CNC offered the only opportunity for DOI to promote a
domestic capacity to design and sell this technology. But was Sperry Canada’s computer
numerical control design agenda the optimal answer to the inadequate spread of NC technology
in Canada? The poor experience to date with NC made it doubtful that many Canadian machine
tool shops would be interested in the even more expensive CNC.

The premise of Sperry Canada’s entry into computer design had been to escape from the
swarm of competitors producing cheaper and less sophisticated NC systems. "It is the opinion of
our company,” Sperry Canada had explained in the first and second proposals, "that the low
performance point-to-point market, due to the extremely active competition and relatively
unsophisticated nature of the equipment involved, makes it an unsuitable product for a company
of our technological background.”'* The company’s desire to create a new CNC product for
contour machining applications was a further indication of the company’s strategy to use
computer technology to pursue the high performance market.

12 Ibid.
12 Ibid.
' King, Leuer to the Department of Industry, 6 November 1964,
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Sperry Canada’s CNC approach made sense only for that portion of the market that used
large and complex machine tool set ups, of which machining centres were a perfect example.
Spending $30,000 to $70,000 for a UMAC-5 CNC system could be justified only if it were
joined to $100,000 to $500,000 machine tools. The contour-machining version of UMAC-5§
promised to be even more expensive. Not only were "machining centres" rare in Canada, but the
bulk of Canadian purchases of metal-working machinery were for less complex equipment.'®*
The first detailed analysis of machine tools imports carried out by the Department of Industry
suggests that smaller, lower priced, machine tools dominated Canada’s secondary manufacturing
sector.'® Another intemal DOI memorandum noted that the Canadian market for metal-working
machinery was about $75 million but that proportion of the demand for more sophisticated
numerically controlled machines was forecast to be only of the order of some $10 million in two
year’s time '

Although Sperry Canada expected to sell some UMAC-5s in Canada, the marketing
thrust of its CNC strategy was global. DOI, however, felt that there was a greater need for
cheaper, high-performance NC technology for the vast majority of smaller machine tools that
populated Canada’s metalworking industry. To spend $125,000 for the completion of the point-
to-point CNC system seemed a reasonable expenditure of DIM funds. After all, the company had
already spent a considerable amount of its own money on UMAC-S. DOI also recognized that
UMAC-5 was of great potential value to those Canadian metal-working companies that produced
very short runs of sophisticated parts on complex machine tools. On the other hand, DOI was
reluctant to spend an additional $600,000 on the development of an even more advanced CNC
system, when the vast majority of domestic machine shops needed a less costly alternative.

1 The first order for an American Kearney & Trecker machining centre had been placed in Canada in 1965. The
purchase was funded by the Defence Modernization Vote. See Internal Report: Advanced Machine Tool
Development, 6 May 1965.

%5 Very little data are available showing both the number and value of machine tools purchased by Canadian
industry. From the study referred to here, it was impossible to find any category of machine tool for which the average
price was more than $20,000. “Metalworking machinery imports: first full-detailed analysis,” Canadian Machinery
and Metalworking 15 (August 1964): 67-9. By contrast, the average cost of a machine tool found in the U.S. was
considerably higher: $73,000 for a boring machine, $94,000 for milling machine, $40,000 for a lathe, and up to
$140,000 for other more exotic types of machine tools. See U.S., Department of Conmerce, Current Industrial
Reporis: Machine Tools With Numerical and Prerecorded Motion Program Controls - 1963, 28 August 1964, Series
BDSAF-630-(63)-1, Table 1. In these average prices are for the machine tool alone. The cost of the NC unit has been
subtracted.

% F. Dugal (Machinery Branch, Department of Industry), Memorandum to W. H. Huck (Chairman, Capital
Assistance Committee, Department of Industry), 23 April 1965, IC, vol. 1784, file P8270-270/S18-10, pt. 1.
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Two months after asking DOI to share the $600,000 costs for a new CNC development,
Sperry Canada did an almost complete tum around in its technological and marketing strategy. In
a revised cost-sharing proposal, dated 7 April 1965, Sperry Canada reaffirmed its desire to
complete the software development for the point-to-point UMAC-5 system. But the company
completely dropped its plan to design a contour version of UMAC-S. Instead, embracing a new
technological strategy to reflect the priorities of the State, Sperry Canada proposed that, with
DOI funding, it would develop a new family of low cost NC systems. ‘¥ "The smaller
manufacturer,” explained Sperry Canada in its revised proposal, "who cannot afford the
substantial investments represented by the major numerically controlled machines, nevertheless,
is beginning to recognize the advantages to be gained from flexible short run automation, and is
investing in the machines within his financial reach. These more economical machine tools
demand two and three axis numerical control systems in the $10,000 to $16,000 price
range."**The fifty/fifty cost sharing arrangement was approved on 30 June 1965 - eight months
after Sperry Canada first asked for support to complete software developments on UMAC-5.'*
During that period, Sperry Canada, confident that it would get some form of government
assistance, had continued work on the UMAC-5 computer.™* By the time Treasury Board
actually approved the development contract, Sperry Canada had completed much of the software

WOl'k. 131

7 Instead of a sixty/forty split of $1.2 million, Sperry Canada now asked for a fifty/fifty split of $557,000. The
amount of money needed to camplete UMAC-5 was increased from $125,000 to $277,000. The total cost to develop
the new NC system was $280,000. R. H. Littlefield, Letter to C. R. Nixon, 7 April 1965, DOIL, vol. 1784, file P8270-
270/S18-10pe 1.

' Sperry Gyroscope Company of Canada Lid., Proposal to the Department of lndustry Concerning the Development
of Numerical Control Systems, 7 April 1965, pp. 11-2. DOIS official request for approval from the Treasury Board
reaffirms the Governments view that a cheaper NC technology was not only needed to promote Canadian defence
production requirements, but that it was also an important step in meeting the Economic Council of Canada’s call for
ways to improve national productivity. Asssistant Deputy Minister (Department of Industry), Details of Request to the
Honourable the Treasury Board, 18 June 1965, IC, vol. 1784, file P8270-270/S18-10 pt. 1.

' Assistant Secretary (Treasury Board), Letter to S. S. Reisman (Deputy Minister of the Department of Industry), 5
July 1965, IC, vol. 1784, file P8270-270/S18-10 pt. 1.

1 The cost sharing agreement was dated retroactively to November 1964, when Sperry had made its first proposal.

P! This entailed the computer’s assembler language, all the needed subroutines, and the programming aids for
debugging. The structure of the memory drum was also improved with the inclusion of “fast tracks,” which helped to
optimize the sofiware. The assembler had one fundamental flaw. It was written in a non-standard language that ran
on the commercial Bendix G20 computer. This choice was purely utilitarian. Located at the federal government
Meteorological Department at Dorval Airport, the computer was accessible and only ten minutes from the plant.
However, over the course of writing the assembler, it became apparent that Fortran had become the language of
choice in software development. With a Fortran compiler, UMAC-5 software development could be carried out on

(continued...)
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When the UMAC-5 was finally available, Sperry Canada found that its CNC innovation
had priced itself out of the market. As the President of Sperry Canada, Wence King, recalled
some twenty years later, "UMAC-5 was just not saleable.” Only the most demanding point-to-
point applications needing very complex machine tools could justify the high cost of UMAC-
5."2 This market tumed out to be far smaller than Sperry Canada’s over-optimistic estimates.
About fifty UMAC-Ss were sold in the United States, Europe, and Canada. In the United States,
UMAC-5 was sold mainly to defence contractors, such as Boeing, Lucas, Rocketdyne and
McDonnell Douglas. The precision demands for automated inspection machines, often requiring
control in ten axes, offered another market for the expensive UMAC-S, particularly when the
deep pockets of the United States Air Force underwrote the purchase of the costly equipment. In
Canada, only a handful of machine shops bought UMAC-S, and these were the very large
operations such as Rolls Royce, Orenda, and Westinghouse.

The company’s strategy to design a computer-based NC system that would be "adaptable
to any machine...any machine requirement” was an important technological achievement. But as
a commercial product, CNC failed to give Sperry Canada the volume of civilian revenues it
needed to diversify its business. The failure to anticipate fully the enormity of the software
development required for UMAC-S, the initial inexperience of Sperry Canada’s software team,
and the mismatch between conflicting design goals and limitations in the available enabling
technologies all contributed to this failure. By 1967, the burden of initial technical trade-offs in
UMAC-5’s design became onerous in the face of advances to basic computer hardware. Soon
thereafter, Sperry Canada ceased selling UMAC-5s.

(...continued)
any mainframe. Afier a competitive bid, Sperry Canada chose the Service Bureau Corporation, in Boston, over two
Canadian firms to rewritc UMAC-5% assembler in Fortran IV.

"2 For example, Sperry Canada sold a number of UMAC-Ss to Europe in which they were used to make side press
frames for printing presses. This point-to-point application required that a lot of precise holes be bared in a very
precise relationship to cach other. The Burghardt boring machine used for this was fitted with over 160 different
tools. Burton Wencely King, interview with this author, 18 February, Computer Oral History Project, National
Muscum of Science and Technology, Ottawa, Canada. The ability to program all the tool offsets into a computer
made Sperry Canadas CNC approach quite sdvantageous.
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A Retreat From CNC Back to NC: The Final Chapter of Sperry Canada

The Department of Industry’s desire to fit technological change to what it perceived to be
the needs of Canada secondary manufacturing helped push Sperry Canada out of computer
numerical control (CNC) and back into numerical control (NC). The new NC system was called
UMAC-6. From the viewpoint of computer history, UMAC-6 was a regression from a
programmable solution back to a hardwired one. But from a business perspective, UMAC-6
seemed to have more market promise. Once again, Sperry Canada's capacity to carry out its
engineering development and commercialization plans balanced precariously on the fate of the
company’s defence contracts.

Work on the design of UMAC-6 started in March 1966. The prototype was ready in two
years.™ Designed to work with a Brown & Sharpe machine tool, UMAC-6 was publicly
demonstrated in May 1968 at a machine tool trade show in the United States. The new low cost,
high performance, point-to-point UMAC-6, the latest integrated circuit technology, elicited
considerable interest from machine tool manufacturers. Soon after the prototype was completed,
Sperry Canada successfully negotiated with four prominent machine tool manufacturers to build
pre-production versions for extensive testing.'™ If the trials proved successful, these machine tool
manufacturers agreed to buy at least forty UMAC-6s by the end of 1968.*° Optimism once again
ran high: "The future of this program looks most promising," wrote Sperry Canada’s Director of
planning."* He added that, "with an unquestionably successful product technically, and in price,
we are anticipating export sales approaching $10 million annually by Fiscal 1973." But serious
financial difficulties lay just below the surface of this optimism.

Market forecasts had proven overly optimistic and the Canadian defence market was as
unreliable a source of revenue as ever. Over the years, the company had exhausted all its surplus
revenues; first in the pursuit of NC, then in its costly pioneering CNC, and finally in the
development of UMAC-6. In 1968, the company’s military equipment business had sunk so low

3 G. J. House, Notes on Sperry, 7 August 1968, IC, Accession 85-86/666, box 96, file P.8001-270/S.18 pt. 2.

' R. H. Liuleficld (Director of Planing, Sperry Canada), Letter to J. R. Killick (Chicf, Avionics & Electronic Data
Processing, Department of Defence Production), 8 April 1968, IC, Accession 85-86/666, box 96, file P.8001-270/S.18
pt. 2.

1 House, Notes on Sperry, 7 August 1968.
1% Liulefield, Letter to Killick, 8 April 1968.
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that the plant was running at less than 35 percent capacity.™ Once again, Sperry Canada was
plagued with the same cruel irony. To break away from its vulnerability to the uncertain
Canadian military equipment market, Sperry Canada needed stable revenues from this very same
market. With no profits, the company was unable to finance the development and construction of
the four pre-production models it promised to make available to machine tool manufacturers for
testing. Furthermore, even if the testing proved successful, as expected, the company did not
have the resources to sustain the critical initial marketing and support of UMAC-6.

Desperate for military subsistence, Sperry Canada officials were "shocked” when the
Government failed to consider it for the contract to build the Primary Display Units in the
ASW/DS Systems, which were to be used as part of the Canadian Navy’s SQS-5-5 Sonar
System."* Having spent considerable money to develop this unit, Sperry Canada was angry that
it was then denied the production contract. The revenues from the manufacture of the Primary
Display Units were crucial to the future commercialization of the UMAC-6. Playing on DOI'’s
financial involvement in UMAC-6 and the Department’s commitment to accelerate the diffusion
of NC in Canada, Sperry Canada threatened to drop out of UMAC-6 unless it was given the
Primary Display Unit contract or offered other military production work to replace it.® But
Sperry Canada got neither.

By the summer of 1968, Sperry Canada’s financial situation was desperate. Plant loading
was down to 25 percent.'’ Vainly searching for ways to use the plant’s capacity, Sperry Canada’s
president, Wence King, tried to convince Univac’s management to transfer some computer
production to Canada. No doubt King argued that UMAC-5 had demonstrated that Sperry
Canada could handle this production responsibility. DOI advised King that it "would be very
willing to assist him in whatever way feasible to gain more manufacturing and R&D

7 D. B. Mundy, Draft of Memorandum to J. S. Glassford, 29 May, 1968, IC, Accession 85-86/666, box 96, file
P.8001-270/S.18, pt. 2.

1 Lintlefield, Lener to Killick, 8 April 1968.

' To the Department of Defence Production, Sperry Canada wrote that the cancellation of the Primary Display Unit
carried "grave implications as to the future of the Company....Despite our best efforts in search of business, we know
of no other program to take its place. Without it or some altemative source of volume we would be operating below
our breakeven point for factory operations. To add to this loss, the substantial investment required to insure success
on the UMAC-6 program is cause for grest concern. I is questionable whether as responsible management, we should
proceed with UMAC-6 investment under these circumstances.” Littlefield, Letter to Killick, April 8, 1968. p. 3

" House, Notes on Sperry. 7 August 1968.
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responsibility from Univac in the United States.”'*' How far King got in his discussions with
Univac management is not known. In the end, however, nothing came of it. Given Sperry Rand’s
divisional corporate ethos and a Canadian tariff structure that made it cheaper for American firns
to export entire computer systems to Canada than to build them there, King was grasping at
straws. !4

The extant records show quite clearly that, in its bid to raise development capital, Sperry
Canada never sought help from Canada’s banks. The fact that Ferranti-Canada also never
approached banks strongly underscores the remarkable absence of Canada's banking institutions
in meeting the capital needs of leading-edge industrial innovation throughout the 1945 to 1970
period. With no defence contracts forthcoming from the Canadian government and Canadian
commercial banks not an option, King tumed to the parent firm in desperation. He negotiated a
loan to finance the four pre-production versions of UMAC-6. In such uncertain economic
circumstances, borrowing money from the parent firm was a big gamble because Sperry Canada’s
autonomy was at risk if it defaulted on the loan.

In agreeing to the loan, did Sperry Rand executives have a hidden agenda in their
dealings with their Canadian subsidiary? Only a few months after the loan was approved, Sperry
Rand announced that it was closing down all its Canadian manufacturing operations and
transferring UMAC-6 to its Vickers Division in Troy, Michigan. ** Wence King was angered by
the news. He had spent eighteen years of his life trying to build Sperry Canada into a truly
Canadian operation. He resigned. P. Caden was sent in to shut down the operation and oversee
the transfer of UMAC-6 to Vickers.'*

Sperry Rand stated that $3 million would be needed to tum UMAC-6 into a profitable
product. The parent firm argued that the Canadian operation did not have the cash flow to carry

“'R. A. Gordon, Memarandum To File: A Visit 10 Sperry, Montreal - May 8, 1968, 10 May 1968, IC, Accession 85-
86/666, box 96, file P.8001-270/S.18 pt. 2.

'“Onlhcquesﬁmofdleimpmof!heuﬁffmtheCmadimmmﬁmmofmpumseeprewdingduptetm
Ferranti-Canada.

'® E. A. Mclntyre (Deputy Director of Electrical and Electronics Branch, Department of Industry), Memorandum to
D.B. Mundy on Mezting with Sperry Officials, 8 August 1968, IC, Accession 85-86/666, box 96, file P.8001-
270/S.18 pt. 2.

'“ The circumstances of King$ resignation sre still unclear. In his eighties, King currently lives in Montreal. Still
bitter, he adamantly refuses to discuss these events. His only comment was that the leadership of Sperry Rand had
changed for the warse during those years. This P. Caden, who came from the head office in New York, should not be
confused with the Paul Caden, the engineer who designed the computer in UMAC-S. The primary sources do not
reveal what the initial “P” in P. Caden stands for.
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this out. Furthermore, the small Canadian market could not support UMAC-6’s development.
Sperry Rand also contended that locating UMAC-6 operations closer to the market was essential
for a successful sales effort. Since the United States was the world’s largest market, the Vickers
Division was the natural choice.'** There was one hitch: the terms of government funding, under
which UMAC-5 and UMAC-6 were developed, forbade the transfer of design rights to foreign
firns without govemmental consent. Sperry Rand pressured the Canadian government to assign
the design rights of UMAC-6 to Vickers quickly. If the company delayed too long in getting the
UMAC-6 test versions to the machine tool builders, a commercial window of opportunity would
close.

DOI officials were incensed that Sperry Rand wanted to move technology developed in
Canada and paid for by public funds to the United States. DOI’s support of Sperry Canada’s CNC
and NC development program had been one comerstone of Canada’s efforts to modemize its
industrial infrastructure. At issue was not the loss of the public funds spent on Sperry Canada.
Rather it was the disappearance of an indigenous technological capacity that had taken over ten
years build up. If UMAC-6 were allowed to go to Vickers, the entire eighteen person team at
Sperry Canada would be transferred to Troy, Michigan. The government was faced with two
choices: to continue to subsidize the UMAC-6 project to keep it in Canada, or to find another
Canadian company to take over UMAC-6.'“ As DOI tried to explore each option, it ran into a
very unco-operative Sperry Rand. The American firm was determined to force an action in its
favour. Sperry Rand had originally told DOI officials that it had seriously considered how to
keep the UMAC-6 in Canada, but there was no realistic way to do it. However, after pressing the
parent firm for details, DOI officials discovered that Sperry Rand had prevaricated. One senior
DOI official concluded that Sperry Rand barely gave the option any thought.'*” The American
parent firm was determined to shut down Sperry Canada without losing the UMAC-6
technological jewel.

In an effort to keep the technology in Canada, DOI proposed that Sperry Rand sell
UMAC-6 10 Honeywell Canada, who had expressed an interest in the UMAC-6 technology. The

145 J. Marshall, Letter to E. Mclntyre (Deputy Director Electrical and Electronics Branch, Department of Industry), 7
October 1968, IC, Accession 85-86/666 box 96, file P.8001-270/S.18 pt. 2.

' E. A. McIntyre, Memorandum to D. B. Mundy (Assistant Deputy Minister, The Department of Industry), 4
Secptember 1968, IC, Accession 85-86/666, Box, 96, file P.8001-270/S.18 pt. 2.

' Ibid.
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Apparatus Controls Division of Honeywell, in Minneapolis, had been negotiating for over a year
with the Nippon Electric Company (NEC) for the right to market the Japanese company’s NC
technology in the United States. But from Honeywell’s perspective, NEC was demanding too
much. As a fallback position, Honeywell contemplated developing its own NC expertise and
product. Despite the superiority of the Japanese NC system, Honeywell felt that, if NEC refused
to lower its price, then the Sperry Canada team and UMAC-6 technology could serve as the basis
of its own product. Honeywell was willing to leave the NC development and production
operation in Canada and access the American market through its Apparatus Controls Division in
Minneapolis. However, before making any decisions, Honeywell wanted to study the engineering
data for UMAC-6.'*

When DOI tried to broker an arrangement between Sperry Rand and Honeywell, the
former went to great lengths to discourage the arrangement. A meeting was held on 3 September
1968 between DOI, Sperry Rand, and Honeywell representatives. While Honeywell was serious
in its desire to explore the possibilities of negotiating a co-operative take-over from Sperry
Canada, P. Caden, from Sperry Rand, "threw up obstacles at every tum."*° The meeting
convinced DOI officials that Sperry Rand would have to be forced to keep UMAC-6 in Canada.

In a long letter to Sperry Rand, DOI argued that Sperry Rand’s case to move UMAC-6 to
the United States was flawed and based more on "corporate convenience than on economic
necessity."*® Under the terms of the cost sharing arrangement for the development of UMAC-5
and UMAC-6, design rights could not be transferred outside of Canada without the Government’s
approval. DOI served notice that there was no way it would release these rights. The choice given
to Sperry Rand was clear: either negotiate in good faith to sell UMAC-6 technology to another
company or stay in Canada. If it stayed in Canada, there were various financial assistance
programs, suggested DOI, to support further work on NC product development. '**

The rights over UMAC-6 were DOI's ace in the hole. Sperry Rand gave in to DOI's

'* R. A. Gordon, Memorandum to File: UMAC-6, 27 August 1968, IC, Accession 85-86/666, box 96, file P.8001-
270/S.18 pt. 2.

' R. A. Gordon, Memorandum to File: Meeting with Sperry and Honeywell on September 3, 1968, 5 September
1968. E. A. Mcintyre, Memarandum to D.B. Bundy: UMAC-6, 6 September 1968, IC, Accession 85-86/666, box 96,
file P.8001-270/S.18 pt. 2.

¥ E. A. McIntyre, Letter to J. Marshall, 23 October 1968, IC, Accession 85-86/666, box 96, file P.8001-270/5.18
pt. 2.

B! The programs cited were the Program for Advancement of Industrial Technology (PAIT), the Industrial Research
and Development Incentives Act (IRDIA) and Industry Modemization for Defence Exports (IMDE).
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pressure and agreed to keep UMAC-6 in Canada. As part of the arrangement, the Sperry
Gyroscope Co. of Canada (Sperry Canada), after eighteen years of operation, was closed down.
All the UMAC technology was transferred to a new Vickers UMAC Division that was to be set
up in Pointe Claire, Quebec. Vickers planned to develop NC marketing, sales, and service
facilities in existing offices in Cleveland, Detroit, Cincinnati, New York, Philadelphia,
Milwaukee, Chicago, Seattle, and in its offices in Europe and Canada. The manufacture of the
first production units of UMAC-6 began on 1 December 1968.' In the end, Sperry Rand
decided that location of manufacturing could be profitably separated from the market. Based on
the extant sources open to public scrutiny, one cannot assess the commercial success of UMAC-6
under Vickers tutelage. Even more important, without more extensive research, one cannot
determine whether the Canadian operation maintained an active R&D program in digital
electronic automation of machine tools, or whether such a program was transferred to one of the
Vickers Division’s American operations. While extremely important, such research takes the
reader into the 1970s and 1980s and beyond the scope of this thesis.

Epilogue

In a special 1982 commemorative issue to mark the Golden Anniversary of the American
Society of Manufacturing Engineers (ASME), Manufacturing Engineering celebrated how the
United States had "built an industrial juggemaught such as the world had never seen.” ' This
issue portrayed the United States as the stage upon which all the important postwar technological
dramas in manufacturing were played out.’* No doubt most Canadians concurred with this
Americans self-assessment. However, when Manufacturing Engineering proclaimed that
computer numerical control (CNC) was bom in 1967, in the United States, J. E. Crozier felt it
was time 1o pull out his Canadian flag. '%*

1% "Sperry Assigns NC to Vickers,” Financial Post, 7 December 1968, 14.
1 Daniel B. Dallas, "Industry At War,” Manufacturing Engineering 88 (January 1982): 79-119, 79.

' See the articles Gary Vasilash and Glenn Hartwig, "The Boom Begins: 1946-1950," Ibid., 119-140; and Gary
Vasilash, "The Advent of Numerical Control,” Ibid., 143-172.
s The Strippit Division of Houdaille Industries Inc., of Akron New York, explained Hartwig, "started out just
trying to bring the flexibility of digital computing to machine controls.” But in the end, Hartwig added, the company
(continued...)
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Crozier, then Vice-President and General Manager of the Canadian Institute of
Metalworking, informed the journal that CNC’s parentage was Canadian and not American.
Sperry Canada, Crozier wrote, had designed and commercialized this pivotal technology in the
early 1960s. Daniel Dallas, the Editor-in-Chief, was sceptical. '* Dallas conceded that Sperry
Canada was in 1963 among the first to conceptualize CNC. "But,” he added, "it is also my
understanding that their system did not work, and that modern CNC came into being via a
different evolutionary route,"’

Crozier's response was unequivocal: "The development work took place between 1961
and 1963 and resulted in the Sperry UMAC-5 computer numerical control system. I know this to
be a fact,” emphasized Crozier, "because I spent three long years in the project as a field engineer
and initially on the computer design interface team.""** Crozier’s assertion that fifty UMAC-5
systems had been sold by 1968 stood as a blatant contradiction to Hartwig’s contention that CNC
first "began to move from the [Strippit] laboratory to the production floor" in 1968.'% After some
further study, Dallas apologized "that the Golden Anniversary issue did not correctly identify the
originators of this technology."'* Dallas tempered this retraction, by adding that his research was
unable "to find any documentation better than [Crozier’s] letter concerning CNC'’s true origin, !

(...continued)
“"wound up creating an entire new field, computer numerical control, or CNC." Glenn Hanwig, "Electronic Control
Moves Into Ascendancy,” Manufacturing Engineering 88 (January 1982): 181-202.

"% Ted Crozier, Memarandum to Dan Dallas, 13 October 1982. Copies of this memorandum and other letters
between Crozier and Dallas were made available to me by Jack Scrimgeour, who was a Senior Advisor for Advanced
Manufacturing Technologies and Industrial Automation, at the National Research Council. Crozier had sent
Scrimgeour a copies of all the correspondence. At the time, Scrimgeour was responsible for a small newsletter called
CADICAM and Canada. Henceforth, this source will be called Scrimgeour.

7 Daniel Dallas, Letter to J. E. Crozier, 21 October 1982, Scrimgeour.
1% J. E. Crozier, Letter to Daniel Dallas, 29 October 1982, Scrimgeour.
1% Hartwig, "Electronic Control Moves Into Ascendancy, 1960-69," 199.
' Daniel Dallas, Letter 1o J. E. Crozier, § November 1982, Scrimgeour.

' Ibid. A retraction was never printed in Manufacturing Engineering. Given all the coverage that UMAC-5
received in the trade literature, Dallas’s inability to find evidence of Sperry Canada’s achievements in the historical
record is quite surprising. Another erroncous version of events assigns the development of UMAC-S to the Univac
division of Sperry Rand. Recounting the histarical roots of machine tool control, two professors from Camegie
Melion University wrote: "The first general-purpose apparatus to record the signals magnetically and play them back
to cantrol the motions of a mechanical device seems to have been invented by George Devol in 1946 (U.S. patent
2,590,091, issued in 1952). This patent was first licensed by Remington Rand for use in connection with the Univac
computer but was found to be too slow for the purpose, and rights were returned to Devol. Later, Remington-Rand
did develop and market the UMAC general-purpose process controller in 1964. UMAC was not itself a great success,
but general purpose controllers later became widespread in industry.” Robert Ayres and Steven Miller, Robotics:

(continued...)
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Though important in fostering national pride, the historical importance of the UMAC-S story
does not lie in who really developed CNC first. Rather, the Sperry Canada narrative offers yet
another much needed case study of how Canada tried to jump onto the postwar digital electronic
and computer innovation wave.

Sperry Canada’s autonomy first arose from Canada’s flirtation with military self-reliance.
Canada’s efforts to promote local sourcing of military equipment led to Sperry Canada’s
manufacturing mandate. Any thought, on the part of Canadian management, to the necessity of
an in-house R&D program lay dormant under the large volume of Korean War defence
procurement of parent firm technology. Sperry Canada’s pursuit of a design mandate was
provoked by the need to diversify after the collapse of Canadian military self-reliance. Building a
business on NC and CNC represented an opportunity to overcome its vulnerability to an
unpredictable defence market. However, the Canadian subsidiary could only succeed in this quest
because of the policy of corporate decentralization and divisionalization engendered by the
merger of the Sperry Corporation with Remington Rand. Product-based divisionalization was
supported by decentralized research and development. Sperry Canada’s autonomy lay in staking
out a product line not already claimed by one of the other divisions. The ensuing autonomy
offered an outlet for the corporate and technological ambitions for Sperry Canada’s management
and engineers.

By the 1960s, Sperry Canada had jumped from the stereotypical branch plant
manufacturer to being a centre of innovation of global stature. In the process, the Canadian
subsidiary created its own R&D agenda and aggressively tried to shape its own global product
mandate. In asserting its own technological and corporate raison d'étre within the empire of its
American parent firm, Sperry Rand, the Sperry Canada Limited ventured into the unchartered
waters of computer numerical control technology. The result was the Universal Multi-Axis
Control Mark 5 (UMAC-5), described by Sperry Canada as "the most powerful production tool
ever developed for point-to-point automation.” Sperry Canada's efforts to embed a real-time
programmable computer in machine tools was a harbinger of the profound transformation that the
computer would have on the industrialized world's forces of production.

(...continued)
Applications & Social Implications (Cambridge, Massachusetts: Ballinger Publishing Company, 1983), 20.
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Chapter 8

Conclusion:
The Importance of Keeping Busy

In the decades immediately following World War II, 2 new constellation of technologies
and industries emerged as powerful engines of global economic development. A century and a
half after the Industrial Revolution, digital electronic innovations were about to herald in the
Post-Industrial, or Information Revolution. "Just as in the previous era,” write Peter Hall and
Paschal Preston, "automobiles and electrical machinery had determined the course of high
technology economic growth and the relative fortunes of the major economic powers, so now the
laurel would pass to the nation that proved the most effective in bringing electronic information
systems to the market place.”" In 1950, it was not clear which nation, if any, would come to
dominate the future technical development and commercialization of the still nascent digital
electronic paradigm. The United States, Great Britain, and even war-tom Germany all had the
pre-requisite scientific and technical skills to push ahead in digital electronic-based information
technologies. But by the 1970s, the United States had become the pre-eminent technical and
industrial leader in all things digital electronic. A large intenal market, driven first by heavy
defence spending and then reinforced by a prosperous civilian sector, contributed considerably to
the United States’ ability to win global dominance in digital electronic technology from 1945 to
1970.> While Europe’s major industrialized nations struggled, in the wake of the American
technological and economic juggemaught, to create some semblance of a domestic digital
electronic industry, Japan loomed unexpectedly on the horizon as the principal rival to American
technological and industrial hegemony. Though Japan did not have a military-industrial complex
to kick-start its computer industry, protectionist policies allowed its large internal market to
reinforce the domestic, state-sponsored appropriation of technology transfer.

* Peter Hall and Paschal Preston, The Carrier Wave: New Information Technology and the Geography of
Innovation, 1846-2003 (London: Unwin Hyman, 1988), 166.

2Aftermilimyenwl'prise. the U.S. civilian space program also played an important role in sustaining the growth of
that country’ digital electronic industry.
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In the midst of this intemational scrambile to jump on this rising global innovation wave,
where was Canada? From a macro-economic perspective, Canada was poised at the end of World
War I to get a jump stanintheracetopmﬁtfmmthenasccntdigitalelectronicpmdigm. After
all, while most of the industrialized economies lay in ruins, Canada’s economy and infrastructure,
along with the United States’, remained unscathed. In fact, Canada came out of the war with a
larger and more vigorous industrial economy than it had before the war. This initial advantage,
however, was offset by the absence of any industrial tradition of scientific research and
experimental development, a weakness that was particularly acute in the areas needed for digital
electronic innovation. The six case studies presented in this thesis offer the first fine-grained
view of Canada’s participation in the fourth innovation wave. The salient features of Canada’s
ascent of the digital electronic learning curve were the unprecedented role of the military
enterprise in the creation of a peacetime pool of scientific and technical skills in industry and
govemment defence laboratories; the smaller, sometimes erratic, but nevertheless important role
of civilian public enterprise in nurturing industrial learning after the military’s retreat; and the
surprising contribution of branch plants to fostering indigenous technical knowledge
accumulation and skill acquisition at the very frontiers of technical change. In many instances
this newly created pool of technical expertise, in its design decisions, refracted the global
innovation wave through the Canadian context. Each of these features will now be elaborated
upon in the concluding sections of this narrative.

Military Enterprise Accelerates Canada’s Jump to the Fourth Wave

Without a doubt, military enterprise was the primary force behind Canada’s early
participation in the digital electronic revolution. "Military enterprise," according to Merrit Roe
Smith, "refers to a broad range of activities through which armed forces have promoted, co-
ordinated, and directed technological change and have thereby, sometimes directly and
sometimes indirectly, affected the course of modem industry."* While American historiography
is replete with studies of the role of the military from the earliest days of the Republic in the
process of peacetime technological and industrial development, Canadian historians have devoted

* Merrint Roe Smith, "Introduction,” in Smith, Military Enterprise and Technological Change, 1.
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Little, if any, attention to this line of enquiry. Is this lacuna Canada’s national historiography
simply an indication of the absence of anything of importance to write about? Has there ever
been a Canadian peacetime "military enterprise” that matches Smith’s sense of the term? This
narrative has shown that military enterprise did indeed play a crucial and sizable role in shaping
the direction and rhythm of technological change in Canada from 1945 to about 1958.

This thesis adds more substance to Keith Krauss’s assertion that from 1945 to 1958
Canada "flirted” with military "self-reliance.” In fact, one could say that it was an historically
unprecedented "flintation.” The problem with Krauss’s assertion, however, was the dearth of
evidence to support it. Except for studies of the AVRO Arrow, and to a lesser degree of the Mid-
Canada and Dew Lines, the Canadian historical literature contains few details about the impact of
the military’s quest for self-reliance on the content and rhythm of Canadian peacetime
technological development. This narrative has provided a richer portrait of this process. By
linking national defence with national welfare and sovereignty, Canadian military enterprise
greatly accelerated Canada’s movement up the digital electronic leaming curve. Through its
collaboration with academia, direct support of industrial, experimental development, and the
creation of in-house research and development facilities, military enterprise fostered creation of a
national capacity to design and manufacture products within the fourth innovation wave many
years earlier than otherwise would have been the case.

The systematic exploitation of science for moderm warfare, which started in World War
IT and grew in intensity after the war’s end, called for an ever increasing capacity to carry out
high-speed, large-scale computations. By 1948, it had become clear to the more technically-
oriented elements of Canada’s military that the absence of advanced computational facilities
doomed any national effort to carve out some semblance of a self-reliant, weapons development
program within the overall North Atlantic Triangle alliance. First with UTEC and then with the
purchase of FERUT, the military’s desire to secure a domestic access to computational power
was the driving force behind the creation of Canada’s first computer science research facility and
high-speed computation centre at the University of Toronto.* Although the purchase of FERUT
precipitated the collapse of electronic computer design at the University, it nevertheless gave
Canada a valuable head start in the growth of a national competence in high-speed computation

“ The national strategic importance of automated computation was bolstered by Canada’ ambitions to be a postwar
pioncer in the development of nuclear energy.

286



techniques and, even more important, it gave Canada an earlier start up the software design
learning curve.® For nearly five years, FERUT served as a public training ground for academics,
students, and people from industry and the military. The military’s sponsorship of academic
computation centres did not end with the University of Toronto. The need to meet the
computational needs of its geographically dispersed laboratories also led Canadian military
enterprise during the 1950s to subsidize the creation of computation centres in other universities
such as the University of British Columbia.

Through its early support of computation centres at the universities, the military again
fostered the dissemination of digital electronic technology. During the 1950s, in its educational
program, research, and interaction with industry, the University of Toronto helped forge a whole
generation of expertise in computer science. In the case of the University of British Columbia
(U.B.C.), military assistance allowed this institution to develop into an oasis of software know-
how in a region far removed from the eastem centre of Canada’s digital electronic activity. In the
years that followed, U.B.C.’s computer department nourished the growth of a high-tech sector in
the Vancouver. During the late 1970s and early 1980s, U.B.C.’s programming talent nourished
the growth of software-based companies such as MacDonald Dettwiler and Associates, the
Sydney Development Corporation, and the Basic Software Group.®

Despite its cancellation, the UTEC project contributed to moving Canada up the learning
curve by fostering the early formation of technical expertise that became the first nodes in an ever
widening network of know-how. The hardware design team of Ratz, Kates, Casciato, and
Johnston subsequently formed part of the nucleus of Canada’s first generation of computer
engineers. While the latter three failed in their initial attempt to establish a computer
manufacturing business, they nevertheless became an important source of know-how to the
private and public sectors looking to jump to the fourth innovation wave. Kates, Casciato and
Johnston, for example, advised Trans-Canada Air Lines on the engineering feasibility of a
computerized reservation system. They interacted with manufacturing companies such as
Ferranti-Canada and users such as the federal government. Kates and Casciato later went on to
form a well known computer engineering fimn called KCS Limited, which designed and
implemented the world’s first computerized road traffic control system in Toronto.

’Evmifmedcsignmdconstrucﬁmofaﬁdl-salcversimofUTEChadptoceeded.itisunlikelytluun
operational computer would have been ready in under two years.

§ Thomas, Knights of the New Technology.
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The purchase of FERUT signalled the end of the military’s interest in designing
computers for scientific computations, but it did not diminish the strategic importance of
designing modem weapon systems around the nascent digital electronic paradigm. The Royal
Canadian Navy’s (RCN) pursuit of DATAR reflected a new vision of an automated "battlefield"
dependent on high-speed information processing and communications. The RCN’s very costly
Naval Bautle Simulator (mentioned in this thesis but not examined) was further evidence of the
importance the RCN placed on the digital electronic paradigm. Not only could digital electronics
be used to wage war, but it could also be used to train Canadians for war.’

The dream of military self-reliance, through the mediation of technology, led the RCN to
invest heavily in forging a core of Canadian research, development, prototyping and production
engineering capacity. In seeking to elevate its role within the North Atlantic Triangle, the RCN
sponsored Canada’s first industrial competence in digital electronic design and manufacture:
Ferranti-Canada and Computing Devices of Canada. While the former built DATAR, the latter
worked on the Simulator. While Ferranti-Canada tried to move its DATAR experience into the
civilian sector, Computing Devices kept its focus on the military sector.® As a result, while both
companies started out as being good candidates to create an indigenous computer industry, by the
end of the 1950s, Ferranti-Canada represented Canada’s only hope in this realm.

Success in the design of sophisticated computational systems also depended on the
transistor. Without the capacity to miniaturize, the growing weight of electronic circuit
complexity would have crushed any attempt at self-reliance in the design of advanced weapons
systems. As a result, the ability to manufacture, and design with, high-performance transistors
became crucial issues for all members of the North Atlantic Triangle in the mid-1950s. In the
case of Canada, the constraints of a small and open economy set limits to the self-reliance the
military could pursue in the area of miniaturization. Canadian military enterprise flirted with the
idea of promoting an indigenous source of transistors, but it could never ensure a sufficiently
high level of procurement to stimulate any domestic R&D or production, branch plant or not.

"l'hemnstimmseworkinreal-ﬁmemmsinmlam was for combat aircraft. In fact, the term man/machine
interface first arose in the context of the U.S. Navy’ research into flight simulators. While Computer Devices failed
to go further with computer simulation, the Canadian Aviation Electronics Co. (CAE) tumed its early work in this
arca, which was also supported by the Canadian military enterprise, into a thriving international business in flight
simulators for both civilian and military applications.

* An American firm, Control Data Corporation, one of the world$s leading manufacturers of mainframe computers,
later bought Computing Devices of Canada.
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However, while the creation of a domestic expertise in transistor manufacture proved impossible,
Canadian military enterprise did consciously invest in expanding the nation’s capacity to do
innovative circuit design work within the semiconductor medium. The Defence Research
Telecommunications Establishment’s (DRTE) digital transistor work not only served as pole of
innovation diffusion to the defence industry, it also contributed to the increased scientific and
engineering capacity of the State to be a direct agent of ground-breaking technological change,
such as Canada’s space program.

In the early 1950s Canada became, after the United States and the former Soviet Union,
the third nation in the world to design, build, and deploy an artificial satellite in space. Behind
the guise of civilian government scientific research, the impetus to embark on a space program
was Canadian military enterprise.” Concem over secure and reliable communications across
Canada’s northem flank led to DRTE intensive study of the behaviour of the ionospheric in high
latitudes.'® The Alouette I satellite provided invaluable scientific data. While the Alouette project
involved the entire DRTE, it was the silicon, transistor-circuit research program that helped
create the in-house, miniaturization know-how needed to build the satellite. Canada’s subsequent
satellite design program, from Alouette II, ISIS I and II, through the Hermes program, Radarsat,
and MSAT, all drew on the human expertise first nurtured by military enterprise at DRTE in the
1950s. On the industrial front, the influence of DRTE extended up through the 1980s. According
10 a study carried out by Denzil Doyle, the existence of DRTE influenced the creation of over
thirty-two high-tech electronics firms in Canada.™

? Dr. John Chapman, who had been with DRTE since its inception and later became the first Assistant Deputy
Minister of Space Programs, was quite clear on the military dimension of the Alouette I project. "The Alouette
program was begun, "Chapman later recounted in 1966, "in an attempt to generate a Canadian program which would
give some experience in space technology to DRB [Defence Research Board], in anticipation of the ultimate military
importance of satellites. At the time,” Chapman went on to explain, “there was little immediate hope of developing a
dﬁowdimrequimnemfcameﬂiwmmwhichwmﬂdjmﬁfyamﬂimymItwas therefore necessary to
seek a scientific objective that was consistent with DRTE skills and experience. A study of the high ionosphere had
obvious applications both 10 communications and to the ICBM [Intercontinental Ballistic Missiles].” John Chapman,
The Alouette - ISIS Program, Chapman Pspers, vol. 12, file 13.

** Long-distance radio communications, beyond line of sight, used the ionosphere as a reflective medium. Solar
storms, which consist of highly energetic charged particles, wreak havoc with the ionosphere. The disturbances are
most pronounced in the far North because the charged particles funnelled in by the Earth magnetic field. Another
concemn was the effect of nuclear detonations on the radio communication properties of the ionosphere.

"' When the American firm Digital Equipment Corparation (DEC, also known as Digital), which had pioneered the
minicomputer concept, set up operations in Canada it named Denzil Doyle as the first President. This study was
carricd out after he had retired from the company. Denzil Doyle, The Communications Research Centre: its
contribution to the Canadian economy during the past twenty-five years, and some recommendations for the future

(continued...)
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The importance of military enterprise to the history of Canadian technology during the
1945-58 period does not reside in the success or failure of particular projects such as UTEC,
DATAR, and the DRTE computer. Rather it lies in the military’s role in channelling investment
into high-risk R&D that otherwise would have had little chance of finding support within an
economy dominated by the export of natural resources. The military accelerated the creation of a
vitally important pool of skilled scientists and engineers who kept Canada within reach of rapidly
advancing technological frontiers. Throughout the early stages of the digital electronic
revolution, it was the "visible hand" of Canadian military enterprise that incited and boosted
companies such as Ferranti-Canada, Computing Devices of Canada, Canadian Aviation
Electronics (CAE), RCA Victor, and Canadian Marconi up the digital electronic leamning curve.

To underscore the Canadian military’s important role in the production and dissemination
of digital electronic know-how, it is useful to consider the contrasting case of Australia. The
initial political will to support the design and construction of Australia’s first electronic, digital
computer came from the preoccupations of a staple economy, and not from the computational
imperatives of advanced weapons development.” Like Canada, Australia is a vast, but sparsely
populated land with a small domestic market where the export of primary natural resources has
dominated economic development. Since half of the Australian land mass is a hot desert and
much of the other half is arid savanna, the availability of water has been of utmost importance to
Australia’s agriculturally-dominated export economy. In 1947, scientists within Australia’s
Council of Scientific and Industrial Research (CSIR) toyed with the idea of developing methods
to induce and control rainfall. Radar, developed during the war, provided the powerful new tool
with which to probe the physics of cloud and rain formation. But, in order to carry out this line of
investigation effectively, considerable computational power was needed to model and analyse the
microwave propagation data.

By the end of 1947, Trevor Pearcy, who had considerable experience on large scale

(...continued)

(Ouawa: Doyletech Carp., November 1987). Doyle, who founded DEC Canadas, has been an important voice in high-
tech policy issues. This report was based on surveys he carried out across much of the electronics industry. As soon s
the Department of Communications was created in 1969, it set about trying to transfer as much of DRTE' military
clectronics and communications expertise to the civilian sector. To carry this out, the Department of Communications
created the Communications Rescarch Centre (CRC). CRC staff were all drawn from DRTE. See also Doyles most
recent schematic of the genealogy of Ottawa's high-tech sector, sometimes referred to as "Silicon Valley North,"
which appeared in a full page spread in the newspaper The Ottawa Citizen, Wednesday, 1 May 1, 1996, All.

™ Sec Trevor Pearcy, "Australia Enters the Computer Age,” in Computing in Australia: The Development of a
Profession, ed. J. M. Bennett et al. (Sydney, Australian Computer Society, 1994), 15-30.
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computational issues while working on the wartime development of radar in the United
Kingdom, convinced CSIR to fund the engineering development of an electronic digital
computer of his own design." By the end of 1949, Pearcy and his team of engineers at CSIR’s
Radiophysics Division had built the Mark I, Australia’s first computer, and performed crude
programming tests on it. A year later, the Mark I was finally working more or less reliably. Not
animated by any military fascination with performance, as was the case with the University of
Toronto UTEC project, the MARK I was of humbler design. The machine was serial rather than
parallel; simpler delay lines were used instead of electrostatic memory; and there were no
attempts to pioneer vacuum-tube miniaturization. Instead, the Mark I was a practical, cost-
effective solution to an immediate computational need.

After its initial funding of the Mark I’s development, CSIR’s enthusiasm for computer
engineering quickly waned, and in 1954, it pulled the plug on all further computer design work.
For an institution whose R&D ethos revolved around the needs of the nation’s natural resource
industries, the still nascent field of digital electronics held little interest.  The computer
development at CSIR s Division of Radiophysics thus became an isolated occurrence within the
Australian technological landscape. There is no evidence to suggest that Australia’s military ever
seriously pursued a policy of national technological self-reliance during the 1950s.”s As a resul,

“PearcyobuinedhisB.Sc.&anhnpaialCollege.Lmdm.h1940.Hesloppedhisgndmtesmdiestogooﬁand
work on the radar project where he concerned himself with the program} large-scale computational demands. After
the war’ end, he immigrated 10 Australia to join the CSIR. In 1980 he was elected as a Fellow of the Australian
Academy of Technological Science and, in 1985, he retired as Dean of Engineering at Caufield Institute of
Technology.

“ "CSIRS management,” wrote Pearcy in 1994, “discounted the valusble expertise 5o early in the development from
the Mark I project. Clearly, the executive’ belief that Australiak main interests lay with her primary industries was a
deciding factor in the eventual termination of computing at [CSIR in 1954]." Pearcy, "Australia Enters the Computer
Age,” 30.

5 The one area where Australian military tried to establish a technological expertise was in the development of
instrumentation for gathering data in long-range missile testing. Because of its vast, relatively flat, and unpopulated
desert areas, Australia became an important testing ground for British long-range missile technology after World War
I. Because of the need to process the large amounts data generated during a missile test, the Australisn military
proposed, in 1950, the development of its own "Long Range Weapons Digital Automatic Computer.” The proposal
never got to the development stage because the British members aon the Joint Project Board, the group that oversaw
the British-Australian testing programming, argued that there were British firms that could provide "off-the-shelf™
equipment to do the job. Seven years later, in 1957, the British made Elliot Bros. computer was installed at
Australias Weapons Research Establishment. "The Wespans Research Establishment Digital Automatic Computer
(WREDAC), as the [British made machine) was known, never reached the reliability hoped for, despite all the
engineers could do for it...It was replaced in 1960 by an IBM 7090 transistor machine." George Barlow, “Electronic
Digital Computers in Australian Defence,” in Bennet et. al., Computing in Australian, 123. Like the Weapons
Research Establishment (WRE), DRTE also decided to buy IBM to handle the growing amount of dats it was
processing. But unlike WRE, DRTE had not only aggressively sought to sdvance Canada’s ability to design digital

(continued...)
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there were no deep pockets in Australia to counter the investment logic of a staples export
economy, and to divert resources to creating of a national capacity to manufacture, adapt, and
design along the fourth innovation wave.'s

Clearly, Canadian military enterprise pushed Canada earlier and faster up the digital
electronic learning curve than was the case in Australia. While the University of Toronto had,
with FERUT, become a important pole of technology diffusion in 1952, a computer did not
appear in an Australian university until 1956. During the 1950s, Australia did not have military-
sponsored industrial and governmental facilities, such as those at Ferranti-Canada, Computing
Devices of Canada, Canadian Marconi, RCA Victor, CAE, Sperry Canada, and DRTE pursuing
sophisticated research, experimental development, prototyping, testing, and production
engineering in a broad range of digital electronic technologies. Did Canada’s earlier and faster
move up the digital innovation wave give decided long-term benefits over Australia? An initial,
cursory look at the evidence suggests that it did.” However, a far more detailed comparative
study is needed to test this conclusion.

The evidence in this thesis thus adds considerable weight to sociologist Gordon Laxer’s
speculation that Canada was slow to develop a diversified industrial economy before 1945
because it lacked a strong peacetime military. The case studies presented in this thesis suggest
that military enterprise, within the limitations of Canada’s small economy and close proximity to

(...continued)
electronic circuitry around silicon transistars, it also designed the sophisticated satellites whose top-sounding data the
IBM machine processed. WRES purpose remained a place to test British technology.

1“E. T. Robinson, who has had forty years of experience in the Australian computer scene and is currently advisor
on information technologies to the Australias Minister of Industry, Technology, and Commerce, is emphatic about the
absence of any government support, during the 1950s, to move Australia up the digital electronic leaning curve. E. T.
Robinson, "Government$ Participation in the Australian Computer Industry,” in Bennet et. al., Computing in
Australian, 59-65.

¥ Any lasting benefits from the pool of skilled scientists and engineers spawned by military enterprise during the
1950s, would take at several decades to take root. Throughout the 1960s, 1970s, and 1980s, and into the 1990s, the
economic activity surrounding digital electronic activity was far greater in Canada than in Australia, even if one
factors in differences in population. For example, from 1989 t0 1993, Canada imported nearly 250 percent more
Automatic Data Processing Equipment than Australia. This attests to the much higher diffusion of digital electronic
technology into the Canadian economy. At the same time, Canada exported 750 percent more Automatic Data
Processing Equipment than did Australia. Of course, to calculate the total economic activity one needs statistics on
the domestic production of each country. Without any easy access to Australian data, this author cannot make any
comparisons. Nevertheless, one can confidently conjecture that Canada’k domestic production will also be much
higher. For import/export data sce Annual International Trade Statistics, Vol II , (Paris: United Nations) under
Commodity SITC Number 752, for the years in question. Similar disparities in economic activity associated with
Telecommunications Equipment (STTC 764) reinforces the conclusion of Canada$ greater appropriation of digital
clectronic technology.
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the American empire, systematically tried to promote a national industrial competence in the
constellation of technologies that would contribute mightily to post-194S5 economic success. The
flirtation with military self-reliance, according to Krauss, ended in the closing years of the
1950s."* Yet despite the collapse, Canada retained a core of sophisticated, technology-driven
engineering firms.

As the Canadian military enterprise’s financial resources for experimental engineering
development decreased, the Canadian firms highlighted in this thesis showed remarkable
ingenuity in trying to sustain the knowledge, experience, and skills acquired under military
patronage. They aggressively shifted the focus of their product development to the civilian
sector. However, the civilian departments of govemment failed to use their full power of
procurement to reinforce the commercial viability of industrial R&D in digital electronics. Even
so, on those occasions when public enterprise investment actually became available it made an
important contribution to the knowledge accumulation of the engineering firms. Meanwhile, the
corporate commitment effort to nurture a strong in-house technical expertise in leading-edge
experimental engineering belies the usual stereotype of Canadian branch plants as the passive or
parasitic entities that nationalist, political economists devised in the 1970s and the 1980s. The
branch plant profile that emerges from studying the postwar, digital electronic industry in Canada
is, as the final pages will argue, one of fierce local pride, independent initiative, daring product
innovation ambitions, and high managerial risk-taking.

" For Krauss, the signing of the Defence Production Sharing Agreement with the U.S. was a defining moment in
Canada’s retreat from self-reliance. This view is reinforced by Emie Regehr, Arms Canada: The Deadly Business of
Military Exports (Toronto: James Lorimer & Company, 1987). From a different perspective, Granatsiein also
underscored the accelerated continentalization of Canadian defence during the post 1958 era, which he Iabelled the
"Defence Debacle.” Granatstein, Canada 1957-1967: The Years of Uncertainty and Innovation.
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The Branch Plant as a Schumpeterian Player

The development of electronic data processing (EDP) equipment at Ferranti-Canada and
of digital electronic machine tool automation at Sperry Canada suggests a Schumpeterian vitality
to the behaviour of foreign-owned branch plants that nationalist historians have greatly
underestimated. Both subsidiaries showed a fiercely independent ambition to carve out a business
niche in the fourth wave based on indigenously cultivated expertise. After the collapse of the
Korean War boom in defence spending, Ferranti-Canada set out to convert its DATAR
experience into a commercial line of products. Sperry Canada, on the other hand, had no
experience in digital electronics when it entered the field of machine tool automation. The pursuit
of a self-reliant, sophisticated R&D program characterized both these subsidiaries’ business
approach to the opportunities offered by the fourth wave. While one wanted to be Canada’s
leading computer manufacturer, the other wanted to be a global player in digital electronic,
automated machine tools. Neither Ferranti-Canada nor Sperry Canada were composed of the
"terrified little men that nationalist J. J. Brown claimed populated Canadian industrial culture
during the entire century surveyed by his 1967 history of Canadian technology.'® Neither did the
existence of foreign-owned branch plants in Canada preclude Schumpeterian corporate,
behaviour, despite Kari Levitt’s claims to the contrary in her oft-cited 1970 book.

Ferranti-Canada’s and Sperry Canada’s experiences reveal that the relationship between
the nationality of capital investment and Canada'’s industrial capacity to design and manufacture
within a global innovation wave was far more nuanced than the black-and-white "de-
industrialization" thesis raised by the nationalist discourse, in which foreign owned branch plants
have been identified as the agents of technological dependency. To be sure, one could argue that
Ferranti-Canada was an isolated case and that, as a British-owned firm operating under what
Alfred Chandler called a personal capitalism regime, this company does not directly contradict
the nationalist argument that the domination of the Canadian economy by American-owned
subsidiaries "arrested" Canadian development. But the story of Sperry Canada is more difficult to
explain, for it showed that an American-owned branch plant, running according to managerial
capitalist principles, could and did act as an agent of radical product innovation with its own

% Brown, /deas in Exile, 340.
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ambitious business agenda.

At the time, both these subsidiaries represented Canada’s best hopes to produce an
indigenous capacity to design and manufacture EDP equipment and machine-tool automation
technology. Their foreign parent firms did not exercise any iron grip over the capacity of these
two subsidiaries to define and pursue their own R&D programs. Rather than a tale of passive
dependency, the history of these firms underscores the determined efforts of Canadian
management and engineers to assert their own technological vision and product agenda.? In both
cases, the subsidiary’s autonomy to define, create, and sustain its own advanced digital electronic
product development program resulted from a technology-driven corporate culture and a rather
decentralized organizational structure that tended to be defined along geographic and product
lines. Like their parent firms, both subsidiaries looked to radical technical innovation as the key
to commercial success. Sperry Rand was a kind of federation of technology and product
mandates; the Ferranti organization behaved like a collection of trading houses, each with its
technological niche. As long as Sperry Canada and Ferranti-Canada did not lose much money,
their parent organizations left them alone. To understand Sperry Canada’s failure to tum its
computer numerical control (CNC) innovation into a long-term business and Ferranti-Canada’s
inability to create a profitable business out of designing and building general-purpose computers,
one must look to the inherent uncertainties in leading-edge experimental development, the
realities of the market, the dilemma of capital formation, and the reluctance of civilian
govemnment to move quickly and aggressively to support an indigenous commercial niche in
digital electronics. In the case of Sperry Rand, one might add David Noble's findings that victory
in automated machine tools went to firms with the best backing from "American" military
enterprise.

Both subsidiaries had difficulties finding the financial resources to sustain their
Schumpeterian ambitions. Sperry Canada had entered the nascent machine-tool automation
business as a way to reduce its dependence on military contracts. However, its entire numerical
control (NC) and CNC development program was constantly compromised by under funding.
Paradoxically, the very vulnerability to shrinking defence contracts from which Sperry Canada
wanted to escape continually crippled its ability to diversify into the civilian sector. Ferranti-

¥ Graham Taylor} study of Canadian Industries Limited (CIL) reveals similar findings. Graham Taylor,
"Management Relations in a Multinational Enterprise: The Case of Canadian Industries Lsd., 1928-48," Business
History Review LV (no. 3 1981): 337-58.
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Canada, on the other hand, until 1964, was able to sustain much of its digital electronic R&D
through its opportunistic exploitation of public enterprise initiatives. Each of the one-off digital
electronic systems developed for the Canadian Post Office, Trans-Canada Air Lines, and the
Federal Reserve Bank of New York allowed Ferranti-Canada to build incrementally on its
DATAR experience and thus develop the needed design and manufacturing expertise required to
move into the general purpose computer field. While designing the FP6000 marked an important
accomplishment for the company, marketing the computer posed an even greater and far costlier
challenge. Competing in a business dominated by IBM required far more money than Ferranti-
Canada could raise.

For both Ferranti-Canada and Sperry Canada, along with the freedom to formulate and
pursue aggressive R&D program came the crushing burden of self-financing. Though the
Canadian government recognized that these two companies were its only hope to establish an
indigenous hardware industry in electronic data-processing equipment and machine-tool
automation technology, its financial support was timid and tardy. The federal government never
really appreciated the fact that Sperry Canada and Ferranti-Canada, though subsidiaries of large
foreign firms, essentially functioned as small Canadian companies with their own R&D programs
and business strategies, with a consequent, desperate need for investment support from it.
Certainly, Canadian banks offered no alternative support. After several years of exhaustive
exploration through all the primary resource material available, this author was struck by the
conspicuous absence of any reference to banks playing any role whatsoever in financing these
companies’ R&D, product development, or commercialization plans. The absence in the
historical evidence of even the slightest hint that these two companies ever approached the banks
or even contemplated approaching them seems to reinforce the nationalist argument that banks
have been an obstacle to the emergence of a diversified and sophisticated industrial sector.?

Sperry Canada’s failure to tum UMAC-S into a successful CNC business had less to do
with its existence as a subsidiary and more to do with the uncertainties associated with any high-
risk technological gamble and the Canadian government's reluctance to act aggressively in support
of the company’s ambitions. Though there was some inter-divisional rivalry within Sperry Rand
over the right to develop and commercialize NC, the parent firm was supportive of its Canadian

2 For a nationalist critique of the role of banks in Canadian industrial development see Tom Naylor, The History of
Canadian Business, 1867-1914, 2 vols. (Toronto: James Lorimer & Company, 1975).
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subsidiary’s overall product-development strategy.? In adopting the novel strategy of using a
programmable computer to breath new flexibility into digitally-based, machine-tool automation,
Sperry Canada never imagined that the development of software for the real-time control would
lead them into a technical minefield. While applauding Sperry Canada’s pioneering work, the
Depamnanof!ndustrydecﬁmdwhelpthecanpanystayinthevanguardofCNC. Its refusal,
which had little to do with any assessment of Sperry Canada’s capability to resolve future
technological uncertainties, stemmed from the Governments desire to use the company's unique
Canadian expertise as a vehicle to promote the modernization of Canada’s metal-working industry.
But even when Sperry Canada tumed back to develop the simpler and less costly UMAC-6
system for the Canadian metal-working industry, the Govemment was unwilling to move
aggressively to ensure its successful commercialization. The Department’s unwillingness to put
up any more money reflected its misunderstanding of intra-corporate realities that underlay
Sperry Canada’s world product mandate. The Department of Industry expected the parert-firm to
make up the shortfall. But as a profit centre, Sperry Canada was responsible for paying its own
way. In the end, the Department of Industry never quite grasped the fact that Sperry Canada was
onits own.

In the case of Ferranti-Canada, public enterprise had played an important role in
nurturing the company’s journey up the digital electronic learning curve. The Canadian Post
Office Department’s pioneering electronic mail sorter gave Ferranti-Canada the opportunity to
master the use of transistors in high-speed digital circuit design, as well as the opportunity to
perfect its drum memory technology. The Trans-Canada Air Lines project to computerize airline
reservations enabled Ferranti-Canada to design and build its first general-purpose computer.
Though not Canadian, the American Federal Reserve Bank of New York contract to build a
digital electronic cheque sorting machine allowed Ferranti-Canada to spawn the idea of endowing
mid-size computers with multiprogrammable operating systems. One should not, however,
confuse the Post Office and TCA contracts with any coherent government policy to nurture the
growth of a Canadian computer industry -- there was none.

Except for a brief flirtation with military self-reliance, throughout the first twenty-five

2 Although the mechanism of centrally dispensed R&D funds did not exist within Sperry Rand, the parent
corporation indirectly supported Sperry Canada through the vehicle of intra-firm sales. Sperry Canada financed its
entirc R&D program in machine-tool automation from defence contracts. As Sperry Canada's domestic military sales
fell, the parent corporation channelled American contracts to its subsidiary through the vehicle of the U.S.-Canada
Defence Production Sharing agreement.
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years of the fourth innovation wave the Canadian govemment never formulated any substantial
policy to support the growth of a domestic computer hardware industry. While there was
considerable interest within the Govemment in improving the scope and efficiency of its own
operations through a greater use of electronic data processing (EDP) technology, there appears
never to have been any discussion as to whether the State’s purchasing power should be
channelled to foster local equipment manufacture. Without an explicit "Buy Canadian" policy,
backed up by some form of financial inducement, no govemment department could tum its gaze
away from the aura of the big names such as IBM and Univac to consider Ferranti-Canada. Equal
in importance to government procurement in fostering the growth of a domestic computer
industry was the need to provide capital. Ferranti-Canada lacked the financial resources to
establishthekindofmarkeﬁngandsetviceinﬁ'asu'ucmreneededtocompete with the established
players. Ferranti-Canada’s inability to raise money -- either intemally or extemnally - made the
Canadian government its sole possible source of capital.

Lacking a clear industrial and technological policy related to the Fourth Wave, the
Department of Industry could not act quickly and aggressively to come to Ferranti-Canada’s aid.
The important role FP6000 played in Intemational Computer Limited’s product development and
commercialization strategy attests to the technical worthiness of the Canadian-designed
computer. Digital Electronics Corporation’s subsequent development of the minicomputer market
suggests that Ferranti-Canada’s attempts to commercialize a mid-sized machine was the only way
before 1970 to penetrate IBM's market invincibility. Technical attractiveness, however, does not
in itself guarantee market acceptance. Without a large infusion of capital, Ferranti-Canada’s
innovative computer had little chance of securing even a tiny toe-hold in the market. In the end,
the FP6000’s poor commercial showing in Canada made it that much easier for Ferranti U.K. to
pull the FP6000 design rights out from under Ferranti-Canada and to sell them to Intemational
Computers and Tabulators (later to become International Computers Limited, ICL). One could
argue that even if the State had poured money into making the FP6000 the first flagship of
Canada’s computer industry, there were few guarantees that the product would have stolen a
profitable niche away from the onslaught of IBM's 360 strategy. But without a vigorous and co-
ordinated support program, Ferranti-Canada’s failure was assured.

The case studies in this thesis do not nullify the nationalist argument. Instead, they
suggest very strongly that the discourse of dependency and de-industrialization needs more
balance. Neither in Sperry Canada, which at the time was Canada’s leading industrial
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development centre for digital electronic machine tool technology, nor in Ferranti-Canada, which
was Canada’s best chance for a domestic computer hardware, does one find any evidence of any
"dependency" that crippled their capacity to do research and development. In fact the opposite
proved to be the case. In the context of the digital electronic revolution, both companies
exhibited aggressive product-development programs, the capacity for radical innovation, and
daring market ambitions. Of course this is not to say that dependency was not a weakness of
Canadian industry. But the issue is whether this dependency was as prevalent in the industries
associated with producing the products of the global fourth innovation wave as it was in other
segments of the economy.

Were the Sperry Canada and Ferranti-Canada experiences anomalies of the Canadian
political economy, or were there other technology-driven Schumpeterian subsidiaries in Canada
during the 1945-1970 period? Or have there been any since? In Arthur Cordell’s typology of how
foreign-owned subsidiaries carry out R&D in Canada, using conclusions from a study he
conducted for the Science Council of Canada, he argues that these two companies appear to be
the exception.” They were neither an "intemational interdependent laboratory” nor a "support
laboratory," the only two types of multinational R&D activities he claimed were then taking
place in Canada.? But Cordell’s characterization of Canadian branch-plant R&D was not based
on case studies of actual corporate practice over time. Except for a brief account of Northern
Electric, his work does not draw on any extensive historical data that would allow one to
understand the process by which the global, digital electronic, innovation wave was articulated in
Canadian branch plants. Instead, he attempts to use an industrial snapshot from around 1970 to

3 Arthur Cordell, The Multinational Firm, Foreign Direct Invesiment, and Canadian Science Policy, Background
Stwudy for the Science Council of Canada No. 22, (Ottawa: Information Canada, December 1971). Inspired by the
rising nationalist political economic discourse of the 1970s, Cordell’s wark for the Science Council of Canada
provided important ammunition to the theoreticians of Canada’s deindustrialization and uncated development.

¥ Cordell defined the "international interdependent laboratory” which conducts research (with little development)
and which is closely connected to the international research program....Research programs of an international
interdependent type may have little to do with the capacity for new product innovation in Canada. Specialized
rescarch of this type is ofien confined to a specific stage of the R&D process...While innovation capability (both
product and process types) is increased for the firm as whole, there is little obvious benefit which accrues to the
Canadian economy...An enclave operation of this type may be a form of brain drain.” Ibid., 42, 44. The "support
laboratory” on the other hand "acts as a technical service centre, i.e. to examine why a product may fail 1o operate in
the CmadimmarkeurlohelpwidldletdlpuﬁmoflheproducttomeCmndimmnket.mdlcm a transiator of
foreign manufacturing technology, ie.. to implement the process of Yechnology transfer’...However, one must
distinguish the benefits which sccrue when the R&D is undertaken in the process of transferring technology from
those that accrue when R&D is undertaken in an indigenous firm....The potential benefit to the Canadian economy
arising from exploitation of either product or process is great in indigenous firms and almost non-existent in
subsidiary operations.” /bid., 43.
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abstract a "universal" typology of branch plant R&D behaviour in Canada.

Historian Graham Taylor, in contrast, tried 10 extrapolate a typology of the technology
relationships between foreign parent firms from in-depth historical analyses. His assertion that
the "parent firm’s willingness to transfer resources, particularly advanced technology was closely
linked to the degree of control they exercised over the affiliated companies” may prove to have
wide validity, but its relevance to Sperry Canada and Ferranti-Canada is questionable.* The
creation of Sperry Canada and the creation of Ferranti-Canada’s digital electronic program both
entailed some initial technology transfer in the hope of winning Canadian defence contracts. But
because of the decentralized management structure that defined the parent-subsidiary relationship
of both firms, the direction and rhythm of the technical innovation process in the two subsidiaries
was shaped more by the local managers’ and engineers’ ambitions and talents than by the parents’
needs. As separate profit centres, both Sperry Canada and Ferranti-Canada were left to their own
devices to formulate and implement their product development strategies. Paradoxically, the fate
of those two strategies does partially affirm Taylor’s main point about the linkage between
technology transfer and parental control. In both cases, the parent fimm eventually exercised its
authority to appropriate the Canadian-devised technology, and to transfer it back to the home
country. However, neither Ferranti nor Sperry Rand would have interfered with the autonomous
operations of their Canadian subsidiary had the latter found local funding -- from the govermnment
or from the banks - necessary to bring its R&D to commercial fruition.

Neither the case studies presented here, nor those by Taylor, capture the entire story.
More case studies are needed before one can develop a deeper understanding of how the process
of innovation did, or did not, unfold in branch plants. Was there more autonomy in the design
stage than in the commercialization stage, as the Ferranti and Sperry Rand stories suggest? A
definitive answer will require historians to study the performance of domestically-owned
companies in the technologically-advanced industries such as digital electronics in the 1945-1970
era. Only through comparative research will it be possible to know whether ’home-grown’
companies better served the national interest than their foreign-owned counterparts, as the
nationalist discourse assumes.

® Graham Taylor, "Negotiating Technology Transfers within Multinational Enterprises; Perspectives form Canadian
History,” Business History 36 (January 1994): 153.
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Canadian Context and the Direction of Design

One of the challenges facing the historian of technology is to create a narrative that
explains why and how technical change proceeded as it did. In writing such a story, historians
must seek not only to portray design choices and the factors that shaped them, but they must also
elucidate the forces that set the design process in motion and explain how the process was
maintained. The content and conceptual structure of the tale that "technology’s story-tellers”
weave will, however, depend on the factors they view as the key determinants of change. The
“internalist” narrative mistakenly treats dynamics of technology as essentially exogenous to
society. In the intemalist’s tale of change, technology unfolds as some inexorable intemal techno-
scientific logic that transcends human will. The “"externalist” narrative of technological change,
however, falls into the trap of spinning a socio-economic and political tale devoid of technical
contingency. While the internalist narrative offers a technological deterministic view of history,
the externalist offers the equally mistaken view that only economic, social, and political
categories are needed to account for the face of technological change. A more fruitful approach to
understanding the process of technological change is to see it as the simultaneous interplay
between the technical logic of design and a host of economic, political, and cultural forces that
comprise the society within which science and engineering is practised. As a result of this
interplay, the myriad of imaginable technical possibilities is reduced to what the German
historian J. Hillige calls the "techno-scientific problem-solving horizon."? This horizon
demarcates the socially, economically, politically, and/or culturally determined directions to
which the knowledge and experience of given technological branch can extend.?

Despite considerable scholarship in other countries on how the interplay of technical and

% The horizon is consensus that represents the problem solving behaviour of the individual disciplines and schools
represented in the engineering community. Discussed in Felix Rauner and Klaus Ruth, "Industrial Cultural
Determinants of Technological Determinants: Skill Transfer or Power Transfer?” A & Society 3 (April-June 1989):
88-102. Also see, H. D. Hillige, "Die gesellschaftlichen und historischen Grundlagen der Technikgestaltung als
Gegenstand der Ingenicurausbildung,” in Troitzsch and Kénig (eds.), Lernen aus der Technikgeschichte, (Diisseldocf:
VDI-Verlag, 1984)).

7 Since the social, economic, cultural, and political factors, as well as basic technical knowledge change over time,
the “extent” and “shape™ of the "horizon™ are also histarical properties.
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non-technical forces in shapes design choices, this area of research remains relatively unexplored
in Canadian historiography. This thesis has presented considerable evidence to demonstrate that
the Canadian context did shape the "techno-scientific problem-solving horizon."” For example,
the Canadian Post Office Department and Trans-Canada Air Lines’ patronage of digital electronic
innovation illustrate that design in Canada resulted from the historically specific interplay of the
practitioners and the State. In both cases, monopoly public enterprise guided the direction of
industrial innovation as a means of furthering political goals. Thus the Post Office tumes -he
digital revolution to deflect growing political criticism of its efficiency. Whereas American
Airlines pursued SABRE under a free enterprise system, Trans-Canada Air Lines tumed to
technological efficiency and computerization as a tool to preserve its monopoly status. But the
most striking evidence that artifacts are the material images of technical logic refracted through a
political economy can be found in the Royal Canadian Navy's development of DATAR and
Sperry Canada’s Schumpeterian entry into numerical conﬁol (NC) and computer numerical
control (CNC).

The circumstances of World War II had thrust Canada into a position of geopolitical
prominence that otherwise would have been inaccessible to it. Unlike the end of World War I,
when the Canadian military returned to its former oblivion, the Armed Services were determined
to retain much of their wartime status and play an important role in the post-World War II era. At
the outbreak of World War II, the Royal Canadian Navy’s (RCN) senior officers had dreamed of
leading conventional naval task force into battle. Unable to win political approval for the
program to build aircraft carriers, battleships, and destroyers, the RCN instead found itself thrust
into the less glorious role of escorting shipping convoys. At the war’s end, the RCN senior staff
again aspired to command a conventional task force of the sort launched by world naval powers,
albeit on a smaller scale. When Mackenzie King’s anti-militarism and the budgetary constraints
of retumning 10 a peacetime economy scuttled the RCN's postwar fleet aspirations, the navy
returned to its prior anti-submarine/escort role as the fulcrum about which it would try to pry out
a new role of importance within the North Atlantic Triangle alliance. But its wartime experience
in this area had taught the RCN that the absence of an indigenous R&D capacity in this area
would surely compromise its postwar aspirations of self-reliance and sovereignty.? Accordingly,

# Throughout the war, Canadak dependence on its Allies for the sophisticated electronic technology had seriously
compromised RCN’ military effectiveness. "The consequences of that technological gap for this junior parmer [that is
(continued...)
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while the British and American navies devoted their R&D energies to the future battle
requirements of large naval tasks forces, the RCN sponsored the creation of a strong national
R&D capability to assert its pre-eminence in anti-submarine warfare.

This quest to transform Canada’s limited naval resources into a respected military
presence within the North Atlantic Triangle alliance determined the contents of the RCN's entire
R&D program, of which the most daring element was DATAR. On a technical level, DATAR
represented perhaps the earliest comprehensive fusion of communications, computation, and
control into one unified digital paradigm. DATAR's, digital, decentralized and modular design
for information processing and exchange was specifically developed for the needs of Canada’s
small fleet of frigates engaged in submarine hunting rather than for the large naval task forces of
its more powerful allies. From 1948 through much of 1954, the RCN, through its DATAR project,
had become the leading exponent of the digital electronic navy. In its search for a sovereign voice
within the post-World War II military order, the RCN pushed the intemal logic of the nascent
digital technology into a new design paradigm for automated naval warfare.

Sperry Canada’s pursuit of NC and subsequent "invention” of CNC also adds compelling
evidence of the importance of national contexts in delimiting the "techno-scientific problem-
solving horizon." The UMAC-5 story in particular suggests that the dominant interpretation in
the American literature of the social construction of machine tool automation needs to become
more nuanced if it is to explain developments north of the forty-ninth parallel, and perhaps south
of it as well. David Noble’s landmark study on the origins of the American NC program argued
that the eventual triumph of the NC design approach to machine tool automation was based more
on the exercise of power than on the merits of technical and economic rationalization.” Support
for NC over the alternative "record and playback” (RP) technology, argued Noble, arose because
the former eliminated the machinist’s monopoly over skill. He concluded that NC’s very design
embodied an alliance between the United States Air Force, industrial management, and academia
whose purpose was to strip machinists of their power of the labour process by deskilling them.
While both methods produced a tape of instructions which could then be used to automate

a -
(-..continued)
Canada] were grave” writes Marc Milner. He goes on to argue that as a result, "Canadian escort services suffered
perhaps the highest loss rates of the war.” Marc Milner, "The Implicatians of Technological Backwardness: The
Canadian Navy 1939-1945," Canadian Defence Quarterly 19 (Winter 1989): 46-52.

* David Noble, Forces of Production: A Social History of Industrial Automation (New York: Oxford University
Press, 1986).
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production in RP, the tape was produced by recording the skilled worker’s motions during the
actual machining process, while in NC, the tape was produced by a programmer removed from
the shop floor.* Management's superior control of machinists, not technical efficiency or
economics, stresses Noble, had determined the success of the NC over RP. Showing that design
choices in machine tool automation were not purely technical and neutral, Noble’s work provided
the first comprehensive validation of Langdon Winner’s provocative assertion that " Artifacts have
politics."*!

Forty years have passed since the introduction of NC. And yet, the evidence of any
widespread deskilling remains inconclusive.™ But the power and controversy of Noble's
discourse stem less from the eventual ramifications of design per se, and more from the
ideological intent that shapes design decisions. Even if NC did not deskill workers, was the early
engineering development motivated by a Machiavellian desire to deskill the machinist? Put
differently, was the imperative to wrest control of production from the machinist the dominant
factor that shaped "techno-scientific problem-solving horizon" within which NC developed?
Noble answers with an unequivocal yes. The comprehensiveness, cogency, and passion of
Noble’s study of NC’s development at Massachusetts Institute of Technology should not,
however, blind us to the possibility that the social construction of NC proceeded differently in
other nations.

In 1955, with the global state-of-the-art of NC technology still its infancy and still an
unknown concept in Canada, Sperry Canada decided to develop its own product line in this area.
The corporate rationale for such a move was clear — diversify or perish. Sharing the technology-
driven ethos of its parent firm, Sperry Canada naturally chose "radical product innovation.” But
much of its analysis as to why NC was an attractive product to develop was animated by a belief
that NC was the ideal technology for the small-batch and highly fragmented nature of Canada’s

¥ On this distinction Noble writes: "Both N/C and R/P were aimed at reducing the amount of skilled labor required
to produce finished metal parts, but they viewed that skill differently. With N/C, machinists skills were devalued and
viewed as little more than a series of straight forward operations...N/C viewed machining is a process fully amenable
10 an abstract, formal mode of programming which eliminated the need for machinist skills altogether. The purpose of
N/C was to move directly, without any manual or shop floor intervention, from the mathematical description of a part
10 the automatic machining of it.” Ibid., 149.

% Noble$ historical study of NC offers one of the most comprehensive replies to Winner’s question about the politics
of artifacts. Winner, "Do Arntifacts Have Politics?" Daedelus 109 (Winter 1980): 121-36.

% Jeffrey Keefe, "Numerically Controlled Machine Tools and Worker Skills,” Industrial and Labour Relations
Review 44 (April 1991): 503-519. This paper provides the most up-to-date review of the deskilling debate as it relates
to numerical control.
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metalworking industry. The dominance of Fordism, with its specialized tools and high set-up
costs amortized over large production runs of one product, had tumed Canadian small batch
manufacturing into a competitive handicap. Sperry Canada consistently asserted that the
flexibility of NC would level the playing field. All the evidence clearly suggests that promoting
labour displacement and deskilling were never a consideration in Sperry Canada’s design, testing,
or marketing decisions. Sperry Canada’s view that digital electronic technology would empower
rather than deskill machinists becomes more apparent in the way it went about designing the
world’s first stand-alone computerized NC system for machine tools.

Though Noble assigned malevolent intentions to the design of NC, he has been
ambivalent about CNC. He even suggested that CNC could potentially enhance the worker’s
skill. Yet his ideological convictions led him to conclude that management would never bow to
such worker-centred approach to automation. Harley Shaiken in the United States and Barry
Wilkinson in Great Britain also argued that the process of CNC'’s implementation is still
motivated by management’s desire to enhance its control over the production process In all the
discussions of CNC, scholars from the Left are silent as to how CNC was socially constructed.
What is clear, at least in the Canadian case, is that the deskilling, to which Harry Braverman™
attributed a leading role to technological change in the capitalist systems, did not provoke the
CNC radical innovation at Sperry Canada, a subsidiary of the very sort of corporation that should
have been bent on deskilling workers, according to the Braverman-Noble school.

Sperry Canada’s invention of CNC was sparked, first and foremost, by the need to escape
from the swarm of NC imitators and to create a new Schumpeterian niche. Technological
imperatives rather than any deskilling agenda were paramount in the company’s decision to
embed computational power directly into the machine tool. The central issue for Sperry Canada
was how to overcome the costly hardwire inflexibility associated with trying to match one NC
system to different machine tool configurations. Solving this problem was the key to creating a
more exclusive market niche. However, once the programmable computer approach was adopted,
Sperry Canada management and engineers consciously sought to design UMAC-S so that it

® Harley Shaiken, Work Transformed: Automation and Labor in the Computer Age (New York: Holt, Rinehart and
Winston, 1984); Barry Wilkinson, The Shopfloor Politics of New Technology (London: Heinemann Educational
Books Ltd., 1983).

¥ Harry Braverman, Labor and Monopoly Capitalism: The Degradation of Work in the 20th Century (New York,
Monthly Review, 1974).
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would expand the machinist’s skills.

Sperry Canada’s design team put a great deal of effort into making the use of UMAC-S
transparent to the machinist. UMAC-5 could run an NC tape prepared elsewhere, or the
machinist could directly program UMAC-S. Through a menu-driven, push-button panel, the
machinist could program UMAC-S to perform any complex set of point-to-point machining
operations. The design logic of the interface was to make the programming task easy for the
machinist.** Furthermore, UMAC-S also allowed the machinist to prepare the tape by actually
performing each machining operation rather than through formally programming. UMAC-5’s
ability to store the machinist’s operations was the digital version of the earlier analogue
record/playback method.*

Created to manufacture sophisticated aircraft instrumentation and inertial navigational
systems, Sperry Canada had its roots in high-precision complex machining. From the outset,
Sperry Canada envisaged CNC as a technology to enhance the capabilities of skilled machinists.
Despite the most persistent detective work, this author has been unable to find any machinist who
actually used UMAC-S. It still remains to be seen if UMAC-5 was used the way it had been
designed. Whether the customer shared Sperry Canada’s philosophy on UMAC-5's use is
impossible to tell. Certainly in Canada, Sperry Canada’s inability to sell its technology reflected
the entrenched attitude of Canadian metalworking industries that NC and CNC were cost-cutting
strategies to be applied to labour inputs. In their eyes, the high price of the technology made it an
uneconomical approach to cutting costs. Domestic manufacturers, in other words, may have acted
more like the archetypal capitalist firm, as depicted by radical political economists such as David
Noble and Harry Braverman, than did Sperry Canada, an American branch plant.

The case studies add new meaning to Bruce Sinclair, Norman Ball, and James Paterson’s
observation that "nothing more characterizes the Canadian situation than the continual selection

% When the latter pushed a button to program 2 particular operation, the computer would ask him what he wanted to
do next. The questions were presented as a series of menu options. For each decision, UMAC-$ presented the
machinist with the array of possible options. Each option was represented by a lit button. The push-buttons for
inappropriate programming options were unlit. They could not be activated by mistake. In this way, the machinist did
not have to be a parts-programming specialist. For details the reader is referred to the UMAC-S usert manual. Sperry
Gyroscope Company of Canada, Lid., UMAC-S Numerical Control System: Operator's Manual, (1965). Copies cxist
at the National Museum of Science and Technology, in Ottawa, Canads, and with this suthor. For those wanting to
examine the actual interface, the only existing UMAC-5 can be found in the National Museum of Science and
Technology’ collection.

% Interestingly enough, Sperry Canada had included this record/playback option in its esrlier more advanced NC
systems.
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of techniques from other societies....The ability to adapt is just as critical as the ability to
originate."* Most, if not all, the key inventions - such as ENIAC, Colossus, the transistor, pulse
coded modulation and even radar -- that set the digital electronic revolution in motion originated
from just two vertices of the North Atlantic Triangle: Great Britain and the United States.
Nevertheless, quite creative adaptation that very often merged seamlessly into invention, marked
Canada’s early participation in this fourth global innovation wave. The Royal Canadian Navy’s
digitally-mediated self-reliance, the Post Office’s quest for digital automation, Trans-Canada
Airlines’ use of the digital paradigm to consolidate its monopoly status, the Defence
Telecommunications Research Establishment’s exploration of transistor design to cope with the
crippling problems of circuit complexity, Ferranti-Canada’s ingenious search for a product niche
in a market dominated by giants, and Sperry Canada’s technology-driven strategy of
diversification collectively demonstrate that the process of design in Canada did indeed refract
the international state-of-the-art through an historically specific national context.

The Importance of Learning by Doing and Canada'’s First Community of Digital
Practitioners

In the end, the reader may chose to interpret this story of public enterprise’s flirtation
with technological self-reliance, the Schumpeterian vitality of foreign-owned branch plants, and
of the daring and creative technological adaptation in Canada as a litany of failure. After all
UTEC was cancelled. DATAR failed to go beyond the prototype stage, as did the Canadian Post
Office mail sorter. Though the Trans-Canada Air Lines ReserVec system proved an operational
success, this technology was never sold anywhere else in the world. The FP6000 never became
the basis of an indigenous computer hardware industry. Sperry Canada was unable to tum
UMAC-S into a profitable business in computer numerical control. Despite considerable
govemment funding, the company Consolidated Computer and the Department of
Communications’ (DOC) Telidon project, which were briefly discussed in Chapter Six, yielded
few if any commercial successes.

¥ Sinclair et. al., Let Us Be Honest and Modest, 2.
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To focus on failure, however, would miss the crucial underlying process in Canada’s
articulation of the fourth innovation wave: moving people up the leaming curve. Although
measures of technical and market success are very important, they can obscure a fandamental
historical issue: the timely formation of the requisite national core of scientific and engineering
expertise needed to keep a small and open political economy, such as Canada’s, responsive to the
longer-term opportunities arising from profound global shifts in technology. Throughout this
thesis the narrative’s emphasis of "R&D as process” over "R&D as product” has underscored the
creation of expertise.** While "R&D as product” measures the success of R&D efforts strictly
through a cost-benefit perspective, "R&D as process” focuses one’s attention on the important
opportunities for skill formation and networking. R&D as result is tied to information
production. R&D as process, on the other hand, is about knowledge creation. French economists
Patrick Cohendet, Jean-Alain Héraud, and Ehud Zuscovitch argue that the received view of
innovation as basically an informational phenomenon fails to recognize that "the development of
new technologies is fundamentally a localized and path dependent leaming process to which
access is quite limited even when the general characteristics are publicly known."® While
information may be freely available and "off-the-shelf,” technical knowledge is not. Chris
Freeman argues that unless there is the industrial capacity first to assimilate and then to improve
upon this publicly available know-how, it is unlikely that it will be used efficiently. *° This
capacity is acquired from "leaming by doing."*! Michael Porter's work also reinforces the
importance of "learning by doing" in forging a nation's technological capacity. Underlying a
nation’s competitive advantage among nations is its ability to foster the formation of industrial

* See Dominique Foray’ introductory essay in Dominique Foray and Chris Freeman (eds.), Technology and the
Wealth of Nations: the Dynamics of Constructed Advaniage, (London: Frances Pinter, 1993), 1-22. Foray raises the
distinction of result and process to illuminate a debate over how to assess the economic value of R&D. But this
distinction equally serves to illuminate how one assigns historical meanin g Lo events.

¥ Patrick Cohendet, Jean-Alain Héraud and Ehud Zuscovitch, "Technological leaming, economic networks and
innovation appropriability,” in Foray and Freeman, Technology and the Wealth of Nations, 66- 76, 67.

“ See section 3 "Technical learning from external source” and the references in Chris Freeman's critical survey
article,, “The Economics of Technical Change,” Cambridge Journal of Economics 18 (no. 5 1994): 463-514.

“! Keith Pavitt, "Patterns of Technical Change: Towards & Taxonomy and Theory,” Research Policy 13, no. 6; 343-
73; Keith Pavitt, "What do firms learn from basic research?” in Foray and Freeman, Technology and the Wealth of
Nations; and Bruno Amable, "National Effects of Learning, International Specialization and Growth Paths," in Foray
and Freeman, Technology and the Wealth of Nations.
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engineering/management skill and the accumulation of technical knowledge.“* Similarly, in his
work on the origins of the "turbojet revolution,” Edward Constant suggests that a nation’s
“technological knowledge comprises traditions of practice which are properties of communities
of technological practitioners.™* In other words, a nation’s accumulated technical knowledge
resides not in the material artifacts but in an existing community of technical practitioners. From
the perspective of this thesis, "learning by doing” is essential to sustain the emergence of a
community of technological practitioners.

Animated by the interrelated themes of R&D as "process," this thesis has presented the
first fine-grained of how the interplay of public and private enterprise nourished the growth of
Canada’s earliest community of digital electronic technologists and their associated traditions of
practice. Despite the nationalist assessment during the 1970s of Canada’s inadequate
appropriation of the benefits of the post-industrial revolution, Canada had by 1967, the highest
per capita diffusion of computer systems in the world, next the United States. It was twice that of
Europe and over three times that of Japan.* One obviously cannot prove a rigorous necessary
and sufficient relationship between the existence of the community of practitioners portrayed in
this thesis and the diffusion of digital electronic technology. Nevertheless, the widespread
dissemination in Canada of a sophisticated digital technology such as the computer could never
have occurred without the co-existence of a sizable group of technologists with shared technical
knowledge and experiences. Furthermore, the legacy from this first core of expertise and the
mass of technical knowledge it had accumulated in the 1950s and 1960s served Canada well in
the decades that followed.

Once we understand that modem prosperity depends on the creation and sustenance of
this community of technologists, rather than on the fate of individual products, then we can
understand the true tragedy engendered by the cancellation of Canada’s most expensive R&D
project in the 1945 to 1960 era, the AVRO Arrow jet interceptor. The tragedy lay not in the
cancellation, for Canada could not afford the Arrow, but in the subsequent departure of an entire

“ Porter, The Competitive Advantage of Nations. High productivity here refers to more than just a higher value of
the ratio of output to inputs. It also refers 1o the ability to bring new products into the market. Thus high productivity
embraces both "product” and "process” innovations.

© Edward W. Constant, The Origins of the Turbojet Revolution, Johns Hopkins Studies in the History of
Technology, vol. 5, (Baltimore: John Hopkins University Press, 1980), 10.

“ Canada had 214 computer systems per million workers. Japan, France, Germany, the United Kingdom, and
Sweden had 68, 126, 125, 92, and 122 respectively. See data on page 7 of QECD, Gaps In Technology Between
Member Countries, October 1967.
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community of technologists (centred this time on military aeronautics) from the country. In the
case of the digital revolution, thanks to all the actors who have appeared in this story, young
Canadian talent, instead of going down the road to the United States, found an indigenous
community of technologists and a tradition of technical practice they could join.

The genealogical lineage of Canada’s "high-tech” industry makes us aware of how much
knowledge, and of how many careers, were fostered by the "failed"” technologies described by
this thesis. Consider Denzil Doyle, the acknowledged “dean" of Canada’s "Silicon Valley North"
which emerged in the Ottawa-Carleton region in the 1970s and 1980s. Upon graduation from
Queen’s University, as a winner of the Governor General’s Medal for academic excellence, Doyle
first found employment in Computer Devices of Canada, then at the Defence Research
Telecommunications Establishment. Doyle was later responsible for the creation of Digital
Equipment Canada, a branch plant of the American firn Digital Equipment Corporation, and
became its first Chief Executive Officer. Today Digital Canada has the corporation’s world
product mandate for personal computers and workstations. CAE, a Montreal company known for
its sophisticated flight simulators, offered another Canadian, Stephen Dorsey, the opportunity to
return home after his graduation from the prestigious Massachusetts Institute of Technology in
1958. Dorsey became a leader in the design and commercialization of the first generation of
stand-alone wordprocessors. The two companies he created in Montreal, AES Data Ltd. and
Micom, which sold wordprocessing systems around the world, then became new nodes from
which the network of Canadian technologists could grow. I. P. Sharp & Associates, which spun-
off from the FP6000 software team, developed into one of the largest intemational, time-sharing
networks. Not only did this company provide new opportunities for young Canadian hardware
- and software engineers, but it also attracted the renowned Harvard mathematician and computer

“ During the 1970s and carly 1980s, Saskatoon looked as if it would earn the title of “Silicon Flats.” Manufacturers
of digital clectronic equipment, like SED Systems and Develcon Electronics, with important development programs
of their own, sprouted up in Saskatoon during the early 1980s. The University of Saskatchewan had provided an
important educational and research environment to attract and nourish the citys community of technologists. The
nucleus of this university’ digital electronic know-how was forged in the late 1960s and carly 1970s when people
such as Arthur Porter, the man who first headed the DATAR project for Ferranti-Canada, went there to be Dean of
Enginecring, and Norman Moody and Richard Cobbold, who led DRTES experimentation with digital transistor
circuits, went there to head up new research programs. Moody later retumed to the University of Toronto to start up
the Institute of Bio-Medical Engineering, where digital electronics research became an impartant part of the
Institutc’s innovations in bio-medical instrumentation Cobbold later succeeded Moody as Director of the Institute.
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scientist Kenneth Iverson back to Canada.*® From the Consolidated Computer failure flowed the
Dynalogic Corporation and its aggressive campaign to win the American personal computer
market in the early 1980s.”

Mitel, Newbridge, and Corel, Canada’s high-tech stars of the 1990s, also owe much of
their existence to the community of technologists forged with the help of public enterprise that
product-oriented analysis might dismiss as yet another "failure,” this time involving Northern
Electric (Nortel). In the early 1950s, Northem Electric had little R&D capacity to speak of. But
the search for a national capacity to resolve the potentially crippling problems of complexity and
reliability associated with large-scale circuits led the military to enter into close co-operation
with Northem Electric to explore transistor circuit applications and manufacture. This
collaboration contributed to the growth of the Advanced Devices Centre at Northemn Electric and
the creation of the nation’s first industrial training ground for the manufacture of microchips. In
1969, with the help of a $37 million govemment subsidy, the Advanced Devices Centre spun-off
into Microsystems Intemational, the precursor of Mitel, an internationally successful
telecommunications firm (subsequently acquired by British Telecom) and the training ground for
Michael Copeland and Terrence Mathews. After they left Mitel, Copeland created the company
Corel, while Mathews formed Newbridge, which continues to spin-off new high-tech companies.

Thus far from being a tragic tale of lost opportunities, the case studies in this thesis
underscore the invaluable skill formation that took place from 1945 to 1970. In this period,
Canadians pooled the resources of the military, universities, business, and the federal government
to finance the ascent of an entire generation of technologists up the leaming curve. In the process,
Canadians leamed that they could make a living without having to pillage their natural resources
or compete ruthlessly on price with the world’s poorest peoples in the global commodity markets.
Instead Canadian could enrich themselves and the world by continuing to pass on the technical

“ Kenncth Iverson was born and raised in Camrose, Alberta. After World War I he went to university and
completed his education with a doctorate at Harvard. There he worked with Howard Aitken, one of the carly pioneers
of digital computers. Iverson later created the programming language called APL.

“ Murray Bell, another winner of the Governor General’s Medal for academic excellence, upon graduation from
Queen’ University went to wark for the Consolidated Computer Co. When the company went into receivership, Bell
eventually formed Dynalogic. After spending $1 million to develop a new personal computer called the Hyperion and
$300,000 to advertize it, Bell introduced the computer at the 1982 COMDEX show in Atlantic City. The response
was enthusiastic. The U.S. Magazine Electronics described the unveiling of the Hyperion as a “20 pound bombshell."
Sce Thomas, Knights of the New Technology, 175. David Thomas's book offers a journalistic staccato-like whos-who
account of Canada’s computer industry in the late 1970s and early 1980s. Though weak in its analysis, the book
nevertheless offers a fascinating picture of the web of business ties that bound the nation’ computer industry in this
period. _
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knowledge they first acquired from busying themselves by learning about the functioning of the
postwar digital innovation wave. If, sometimes, they wondered whether they had made the best
use of the opportunities that fate handed them in 1945, it was only perhaps because they realized
that only a few dollars more of govemment support might, have at times, transformed what was
already largely a success story into a truly epic tale of accomplishment.
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