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Introduction
In 2010, MetSoc adopted a new name: the Metallurgy and
Materials Society. While the name may be new, the
involvement of Canadian industry in the broader materials
disciplines is not. This chapter aims to present an overview
of three significant materials industry eras in Canada that
span fifty years of MetSoc’s Conference of Metallurgists:
the ceramics industry that thrived during the building of
the country in the early 1960’s, the development of
linepipe steels as a key part of the growth of Canada’s
petroleum industry, and the impressive growth and
recovery of the aerospace industry that was at its lowest
fifty years ago.

The Stone Age – Canadian Ceramics
Industry
Introduction
The ceramics industry in Canada of 50 years ago was a
strong manufacturing industry dominated by the
‘traditional ceramics’ – the industries of heavy clay, glass
and refractories. The newer ceramics, a broad category
that included electronic ceramics, nuclear ceramics, or
materials for space application saw little production.
Segments of the ceramic industry were thriving and world
class in terms of production facilities and products while
others suffered setbacks and struggled against the high
costs of importing materials and labour intensive
production techniques.
There was increasing awareness of the need for
scientific research, something that had been lagging in
Canada. Developments in Canada were achieved through
continuous improvement carried out by the laboratories of
the larger plants. Additionally work was carried out at
commercial laboratories and federal and provincial
government labs. In the early 60s a few universities also
carried out research but no university degree course in
ceramic science or engineering was offered.
A review of the Canadian ceramics industry in 1963 by
J. G. Brady, then president of the Canadian Ceramic Society,
predicted that the industry had a bright future, but under a
couple of provisos: that product standards were kept high,
and prices were competitive (Brady, 1963). Unfortunately,
fifty years later, competing materials development and
Canada’s high production costs in comparison to offshore
countries have led to a significant decline in all sectors of

the industry. Indeed, the Canadian Ceramic Society, the
technical organization serving the industry, held its last
meeting, the 104th annual, in February 2006 and was
officially dissolved in 2008.
The state of the ceramic industry across Canada over
the past fifty years will be reviewed under the categories
of industry sector. The bulk of the information has been
extracted from the publications of the Canadian Ceramic
Society. Permission to reprint photos from the archived
documents has been granted by the trustee.
Heavy Clay Products
In 1964 there were roughly eighty five plants in Canada
manufacturing heavy clay products (Brady, 1964). Products
included facing brick, common brick, facing tile, load
bearing and non-load bearing tile, clay floor tile, quarry tile,
drain tile, sewer pipe, flue liners and conduit. Plants were
common in areas of high population with local clay and
shale supply. The majority of the shale and clay deposits
yielded red-burning ware with usable deposits occurring
across the country. Higher quality ceramic clays were
scarce; some deposits of fireclay and kaolin occur in
northern Ontario and Quebec but poor access still limits
their application. The estimated value of the domestic clay,
neglecting transport charges was in the order of $1.25 to
$2.25 per ton.
Table 1 presents data on production of heavy clay
products fifty years ago. The approximate value of heavy
clay products exported in 1961 was $641,000 compared to
$3,700,000 imported (Brady, 1964).
Table 1. Statistics for Structural Clay Products, Drain Tile
and Sewer Pipe Manufactured in Canada - 1961*
Products
Value at
Fired
Plant ($)
Quantity
Building Brick
23,227,21
470,706,000 (units)
134,465(tons)
Structural Tile
2,830,378
Drain Tile
56,265,000(units)
3,429,983
Sewer Pipe and Flue
60,700(tons)
3,945,107
Lining
* From Brady, 1964
Sewer Pipe and Flue Liner
In the early 1960s six plants manufactured sewer pipe and
flue tile in Canada (Stewart, 1965b). Typical production
processes employed local clays and considerable manual
labour.
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A facility typical of the industry in 1961, National
Sewer Pipe Ltd. occupied a 25 acre property west of
Clarkson, Ontario, with a 175,000 sq. ft. plant for the
manufacture of 4”- 27” diameter bell and spigot and plain
end sewer pipe and flue liners (Keith, 1961a). The pipe was
manufactured from two clay sources, a red-burning
surface clay from Burlington and an imported fireclay from
Ohio and Pennsylvania. The clay was shipped by truck to
the plant where it went through a process of crushing,
batching and dry pan grinding. Clay was fed to a pug mill
and then to a hydraulic press for extrusion of the pipe.
Alternatively for smaller pipe and flue liner, the clay was
fed through a combination pug mill – auger extruder. Some
pieces would go through an automated glazing of the inner
wall before stacking on pallets. Special dies were used to
form the shapes required for joining pipe. These pieces
were assembled to fittings manually by ‘branchers’. Ware
was either dried for 1-5 days in large drying rooms, or
vertical or horizontal tunnel dryers. Cycle times in the
tunnel dryers, typically used for the smaller sized pipe,
were in the order of 16-24 hours. Movement of ware in the
plant was by lift truck. Kiln cars were loaded manually or
with the assistance of pneumatic hoists for larger pipe. A
tunnel kiln was used for firing smaller pipe, periodic kilns
for the larger pipe. Waste heat recovery was in use in the
plant – heat for dying was recovered during the cooling
cycle in the kiln. Pyrometric cones and shrink bars were
employed to maintain uniform firing conditions and ware
quality.
Brick and Tile
In 1965 seventy-seven plants across Canada produced
brick, drainage and structural tile with production methods
ranging from dry pressed to soft mud (Stewart, 1965b).

roughly half of this and approximately 80% of production
was by the stiff-mud extrusion process, the same basic
process as used in sewer pipe manufacturing (Ritchie,
1978).
In 1961 Cooksville-Laprairie Brick Limited, with
manufacturing plants in the Montreal and Toronto areas
and an annual capacity in excess of 200,000,000 brick
equivalents, was Canada’s largest producer of structural
clay products.

Figure 2. Cooksville-Laprairie Brick Ltd. Tunnel Kiln
(Keith, 1961a)
Progress in the Canadian brick industry came with
modernization; increases in production afforded by the
shift to stiff mud extrusion, the change from coal fired
beehive to tunnel kilns and increased efficiency and
automation in the production line also led to more
consistent quality product.

Figure 3. Production line at the Estevan Brick plant of
Saskatchewan Clay Products (Keith, 1961b)
Figure 1. Cooksville-Laprairie Brick Ltd. Quarry
(Keith, 1961a)
By 1975 the number of brick plants was decreased to

Brick and tile plants in each region of Canada relied
predominantly on local deposits and developed body
composition and production methods to suit the forming
and firing behaviour of their raw materials. The Atlantic

362
The Canadian Metallurgical & Materials Landscape 1960 to 2011

Provinces had a number of deposits of clay and shale that
produced high quality ware and did not have the
processing problems seen by those in Ontario and Quebec.
The Ontario and Quebec clays were abundant, but typically
had lower fusion points and were more difficult to process.
Surface clays in southwestern Ontario that produced buff
coloured ware were highly calcareous and difficult to fire.
While some high quality stoneware and fireclays were
found in the western provinces, many deposits had short
firing ranges and were also difficult to process in the plastic
state (Brady, 1964).

Figure 4. Extrusion at Natco Clay Products, Canada’s largest
manufacturer of structural tile (Stewart, 1965c)
Developments in brick manufacturing were driven not
only by economic reasons, but also by architects and
builders looking for a range of surface textures and colour.
Changes in architectural design, including in 1965 the
structural application in Canada of brick for high-rise, thin
walled construction were significant factors in the
development of the Canadian industry (Ritchie, 1978).

markets. In 1965, Estevan Brick plant, operated as a limited
liability company with the province of Saskatchewan as
majority shareholder. In 1969, the plant produced new
product lines, including arguably the whitest brick
produced in North America. Since that time it was sold in
1978, again in 1992 and finally in 1995 to I-XL Industries
Ltd. In 1997 the plant was closed because of poor markets.
In September, 2010 I-XL Industries Ltd announced that it
would not rebuild the Medicine Hat Brick and Tile plant, a
site operating since 1886, which was damaged in a severe
flood in June 2010. In addition to the high cost of
rebuilding on a flood prone site, the company cited
decreased construction volumes, significant brickmanufacturing overcapacity in the U.S.A, diminished
exports and imports taking market share as reasons for the
decision (Sissons, 2010).
I-XL, still a family owned and operated company,
continues to be the largest brick producer in Western
Canada. Large manufacturers in Eastern Canada include
Hanson Brick (formerly Jannock Limited with Canadian
operations at Canada Brick and Briqueterie St. Laurent)
and Brampton Brick. The latter plant, after a $32M
investment in 1986 and a further increase in plant capacity
in 2001 to bring production up to 300M brick equivalents
per year is North America’s single largest manufacturing
facility under one roof (Brampton Brick, 2011).
Whitewares
The whitewares industry sector included sanitary-ware,
electrical porcelain, wall tile, and dinner ware. In 1965
three sanitary ware, seven electrical porcelain, three wall
tile and two dinnerware plants were the major users of
high quality clay such as kaolin and ball clay. The value of
imported clay to support production at these plants was
over $6 million (Stewart, 1965b). The whitewares industry
in Canada faced many challenges including the high
transport cost of importing raw materials, the high cost of
transporting finished product and competition from
imported products (Brady, 1961).

Figure 6. American Standard Products, Toronto – unloading
clay from box cars, slip room (Keith, 1961a)
Figure 5. Design being cut into face of bricks at Estevan
plant (Keith (1961b)
Similar to other Canadian ceramic industries, the brick
sector was not immune to the economic effects of world

Additionally, the plants were heavily reliant on manual
labour – increased automation was needed to make the
Canadian operations competitive. According to Brady
(Brady, 1961) the dinnerware industry had already
suffered serious setbacks and its ability to survive without
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drastic changes in production was questionable. The
Canadian Syracruse China plant in Quebec, the only
remaining plant in Canada that manufactured vitrified
china closed in 1994 (Libbey, 2011).
In 1964 (Brady, 1964) floor and wall tile was
manufactured in seven plants found in Ontario and
Quebec: three non-vitreous wall tile, one both nonvitreous wall tile and floor tile, and three vitreous floor and
wall tile. The value of glazed floor and wall tile produced in
Canada in 1961 was approximately $3,634,000 (Brady,
1964). Faced with increasing foreign competition, tile
plants such as Frontenac Tile in Kingston, Ontario realized
that they needed to drastically cut production costs and
increase the quality and selection of product available in
order to compete. A major part of the effort was to
increase mechanization in the plant to reduce
manufacturing costs. This was coupled with new product
development, marketing efforts and encouragement from
governmental bodies to buy Canadian. This yielded some
measure of success; the value of tile imported from Japan
dropped 45% from 1963 to 1964 (Woods, 1965c). However,
it was not a sustainable recovery and today the Canadian
ceramic tile market is exclusively imports.
Fifty years ago plants were still being constructed to
support the sanitaryware industry. In 1965 Steventon
Potteries opened a $1M plant to serve a market seen as a
“growing demand of top quality plumbing fixtures” (Woods,
1965a). However, a survey of Canadian manufacturers
indicated that the industry faced major problems: the slow
rate of development and the demand for high quality but
less expensive and more diversified product. It was also
noted that the market competition was no longer limited
to domestic operations but that imports were a significant
issue (Coy, 1965).

Figure 8. American Standard Products, Toronto – spraying
the glaze (Keith, 1961a)

Figure 9. American Standard Products, Toronto – loaded
kiln car (Keith, 1961a)

Figure 7. American Standard Products, Toronto – cast shop
(Keith, 1961a)

Crane Canada and American Standard were two of the
largest producers of whiteware in Canada. In 1961
American Standard’s manufacturing facilities were located
in Ontario, three plants in Toronto and one in Windsor.
The sanitaryware production line at Lansdowne was
initially established in 1934. This plant operated until 1999.
Fifty years ago Crane had potteries at Coquitlam, British
Columbia and St. Jean, Quebec. The St. Jean plant,
formerly Canadian Potteries Limited, was originally
established in 1830. A new pottery was opened in Trenton,
Ontario, in the fall of 1969. This plant, the last Crane
Canada whiteware plant ceased production within the last
six years. In 2008, Crane, American Standard and Eljer,
were merged to become American Standard Brands. No
ceramic whiteware manufacturing facilities operate in
Canada.
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The electrical porcelain industry in Canada fell victim
to lower cost imports. One of the last manufacturers,
Georgetown, Ontario’s Smith and Stone operated for more
than 70 years, closing in 1992. Of the seven plants
operating in 1965, the author knows of only one still in
existence. Hamilton Porcelain of Brantford Ontario relied
upon in-plant research to develop product lines beyond
low tension insulators for electrical equipment. They have
been successful in the specialty refractories market
through the development of proprietary compositions and
processing techniques that enable high quality, high
volume productivity. The company was purchased to
become Saint Gobain Advanced Ceramics Hamilton Ltd.
and more recently as part of a major acquisition by
CoorsTek.

American Standard established its enamelling plant in
1957. It was one of the most modern at the time,
employing an automated pickling machine and an
overhead trolley conveyor system. The American Standard
enamelling plant in Cambridge, Ontario closed in 2007.

Figure 10. Glaze quality check on electrical porcelain at
Hamilton Porcelain, Brantford, Ontario (Woods, 1965b)
Porcelain – Enamel
The porcelain-enamel industry in Canada produced
products ranging from enamelled holloware, bathroom
fixtures, appliances and hot water tanks through to
architectural panels. The Canadian industry was supported
by two major producers of enamel frit – Ferro Enamels in
Oakville, Ontario and Chicago Vitreous of Ingersoll, Ontario.
Major manufacturers included General Steel Wares,
who in 1961 produced the entire range of products listed
above at plants in Toronto, London and Montreal. When
the Crane Canada Stratford, Ontario plant opened in
September 1962 it became the thirteenth operation for
Crane with other sanitaryware and enamelling plants
located across the country (Keith, 1963b). The plant
employed three large presses, salvaged from a $3,000,000
fire that destroyed a Crane plant in Quebec City, to stamp
sinks, bathtubs and washing machine parts from steel
sheet. The remainder of the plant employed the most
modern equipment available in a well mechanized
assembly line. Production ceased at the plant in 2009.

Figure 11. Enamel process at the Crane Canada plant in
Stratford Ontario: from top - pickling, spraying, furnace
(Keith, 1963b)
Glass
Glass and glass products manufacturing was, at one time, a
major industry in Canada. Table 2 presents some of the
statistics of the glass industry complied by The Dominion
Bureau of Standards. Major manufacturers in the glass
container industry in Canada were Dominion Glass (1915)
and Iroquois Glass in Montreal and Consumers Glass
(1917) in Toronto. Already in the 1960’s the industry was
seeing market pressure from metals and plastics. To
compete, the industry developed new production
techniques, such as silicone coatings to reduce friction and
breakage loss, and faster more efficient machinery to
increase production rates to over 250 bottles per minute
(Keith, 1963a). Major issues in the industry were labelling
costs, and returnable versus non-returnable containers.
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Table 2. Statistics for Glass and Glass Products
Manufacturers in Canada - 1961*
Statistic
Value
Number of Establishments
106
Number of Employees
9,537
Salaries and Wages
$40,401,638
Cost of Fuel and Electricity
$4,940,778
Cost of Materials
$43,500,866
Value of Shipments
$113,269,353
* From Kowal, 1964
Dominion Glass completed a five year $50 million
expansion and modernization plan in 1972. The company
was purchased by Consolidated Bathurst in 1975 and
renamed to Domglas Ltd in 1976. The Consumers Glass
Company renamed Consumers Packaging in 1986,
purchased Domglas in 1989. Consumers Packaging
declared bankruptcy in 2002.
In 1961 the two common types of flat glass were plate
and sheet. Plate was formed by rollers followed by grinding
and polishing. Before the establishment of the Pilkington
float glass plant, no plate glass was produced in Canada.
Sheet glass was produced using the Pennvernon process at
the Canadian Pittsburgh Industries (CPI) plant in Montreal
and Pilkington (Canada) in Toronto (Brady, 1964).
CPI doubled Canada’s sheet glass capacity opening a
$20 million plant in Owen Sound in 1968. At the time it
was one of the most advanced sheet glass manufacturing
plants in the world. In a highly automated system, the glass
was drawn from the open bath vertically for three stories
without any contact to mar the surface. The major
applications for the glass were windows and doors,
automotive and furniture (Reilly, 1968).
L-O-F Glass of Canada was formed as a subsidiary of
Libbey-Owens-Ford Glass Company to own and operate a
glass plant at Collingwood, Ontario in 1967.

Pilkington opened a $25 million float glass plant in
Scarborough, Ontario in 1967. At a capacity of 2,500 tons
per week, this made Canada one of the three largest
producers of glass by this process. The process used a bath
of molten tin to float the ribbon of glass from the melting
furnace and through three temperature zones where the
glass was ‘fined’, fire polished and cooled (Reilly, 1967a).
The main market for the glass was automotive. Pilkington
opened a second float glass plant at the same location in
1971. The plant cost $32 million and had a capacity of
3,500 tons per week (Taylor, 1971).

Figure 13. The leading edge of a test run of float glass
emerges from the annealing lehr at Pilkington’s
Scarborough plant (Reilly, 1967a)
In the 1980’s and 90’s the Canadian glass came under
pressure. The North American overhead costs exceeded
Europe by a large amount. The yield and productivity of
the float glass plants fell significantly behind. Pilkington
was acquired by Nippon Sheet Glass in 2006. Today,
Pilkington operates six float glass plants in the United
States, none in Canada. The Collingwood, Ontario plant is a
producer of laminated glass for automotive applications.
The site of the former Pilkington Scarborough float glass
plant is now Upper Danforth Village, a housing
development.
Today, Barber Glass in Guelph, Ontario continues to
produce custom glass including glass railing, shower
enclosures and furniture.
Refractories

Figure 12. Vertically drawn glass produced by the
Pennvernon process at Canadian Pittsburgh Industries
Owen Sound plant (Reilly, 1968)

Fifty years ago Canada was eighth in the world in
refractories production. In 1961 approximately
$18,500,000 worth of refractories was produced in Canada
with another $10,000,000 worth of refractories imported.
The iron and steel industry was the major consumer at
roughly 63% of all refractories used. The non-metallic
industries, e.g. cement, glass, ceramics, petrochemical,
pulp and paper, and exports accounted for about 15%. The
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non-ferrous metals industry consumed the balance. The
trend in the industry at that time was toward higher
quality material that would result, with longer refractory
life, in fewer but higher priced refractories (Milos, 1965).
In the 1950’s the basic oxygen furnace moved from
being an experimental unit to the major steel producing
process. The refractory industry was challenged to develop
new products to suit the larger furnaces and higher
production rates. The use of direct bonded periclasechrome bricks was just beginning. In 1968 Kaiser
Refractories built a new plant in Oakville to supply the
increasing market for basic brick in Canada (Reilly, 1968b).
The advent of continuous casting and vacuum degassing
also presented opportunities for new product
development.

primarily of the electronic ceramics manufacturers. One of
the pioneering companies was Almax Industries (1963)
who manufactured piezoelectric ceramics for sonar
applications (Stewart, 1965a). By the 1980’s Canadian
manufacturers, with B.M. Hi-Tech Inc. also producing
piezoelectric ceramics, had gained a significant share of the
North American ultrasonic transducer market (Sayer and
El-Assal, 1985).

Figure 15. The first firing of electronic tubes at Almax
Industries, Lindsay, Ontario (Stewart, 1965a)

Figure 14. Standard Refractories firing of insulating
firebrick (Reilly, 1967b)
In the early 1960’s fifteen refractory plants used
refractory clay but only four of these, all in Western
Canada used domestic fireclay. In 1967 Standard
Refractories opened the first plant in Canada specifically
for the production of firebrick (Reilly, 1967b). At that time
the Canadian market for firebrick was in the order of three
million brick equivalents.
Fifty years ago the major refractory manufacturers in
Canada included A.P. Green, Babcock and Wilcox,
Dominion Fire Brick, Harbison-Walker, Kaiser, North
American Refractories, Norton, Standard Refractories and
Williams and Wilson (Dunbar, 1964). Didier Refractories
and General Refractories were more recent operations.
Michel Rigaud and his group at École Polytechnique in
Montreal were the primary Canadian researchers to
support the Canadian industry. The landscape of refractory
companies manufacturing in Canada has changed over the
years as acquisitions and mergers of multinational
companies was frequent.

Neosid Canada in Toronto and Murata Erie in Trenton
were manufacturers of ferrite and titanate electronic
ceramics.
A significant amount of research at government and
university labs, as well as at Almax was directed toward
ceramic materials as solid electrolytes. Electrofuel
Manufacturing in Toronto did considerable research into
boron nitride ceramics and battery materials and is now
successful under the name Electrovaya.

Advanced Ceramics
Advanced ceramics in Canada has been composed

Figure 16. Diamond grinding of Almax ceramics for sonar
application (McLaren, 1986)
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brevity.
In summary, the ceramics industry was once a major
manufacturing sector in Canada but the economics of a
world marketplace has had a crippling effect; the stone age
of fifty years ago has passed. The future of the industry in
Canada will depend on Canadian entrepreneurs developing
high value-added applications of new ceramic materials.

The Canadian Golden Age of Linepipe
Steel Research and Development
Over the past 50 years there has been enormous growth in
the capacity of Canadian gas and oil pipelines, (Currently,
there are over 100,000 km of gas transmission pipelines in
Canada.), and a parallel advance in the technology of
linepipe steel (Figure 18).

Figure 17. Almax kiln load 1986 (McLaren, 1986)
The National Research Council, Energy, Mines and
Resources – CANMET, and Atomic Energy of Canada as well
as the provincial organizations, Ontario Research
Foundation, Nova Scotia Research Foundation and Centre
de Recherche Industrielle du Quebec were all active in
advanced ceramics research in the 1980’s. Thermal barrier
coatings and ceramics for diesel applications were strong
research programs. Today, the Alberta Research Council is
very active in ceramics research including a considerable
effort in the area of nanomaterials.
Silicon nitride ceramic cutting tools were
manufactured by Sherrit in Canada for several years in the
1990’s and later by Indexable Cutting Tools. EYC Industries
in Lindsay and Espanola, Ontario produced ceramics for
wear applications, such as valves, pump parts and seals.
Established in 1989, Ceramic Protection Corp. Of Calgary,
Alberta was an award winning manufacturer of ceramic
wear products and ceramic personal body armour plates. It
became a U.S. company, Protective Products of America in
2008 and filed for bankruptcy in 2010.
Summary
The scope of the ceramics industry is broad and it is
difficult to present a short review without some omissions.
While efforts have been made to provide an overarching
view of this industry over the past fifty years, undoubtedly
some important information has been missed. For instance,
the fibreglass and mineral wool companies that have and
still operate in Canada were not covered. There are also a
number of very successful smaller specialty ceramic
manufacturers that have been omitted for the sake of

Figure 18. Maximum yield strength of gas linepipe steel per
decade, 1960-2010 (Koo et al., 2003)
Today it seems obvious that Canada would play a large
role in this technology development, since it is critical to
the petroleum industry. However, it required a fortuitous
juxtaposition of events, facilities and people to create a
research effort on linepipe steel in Canada, which
contributed significantly to the international advances in
this material depicted in Figure 18. In 1970, there were 2
Canadian producers of large-diameter linepipe – Stelco and
Ipsco, while Algoma was a producer of smaller diameter
pipe for oil-country tubulars. Each company had the usual
incentives to develop improved products to meet
increasing market demands for strength, toughness,
service reliability and cost. New steel grade development
was typically carried out in-house by each company’s
metallurgical staff with input from international
consultants (who were often closely connected to alloy
suppliers with huge vested interest in promoting their
particular alloy element.) However, when the steel
companies embarked on their linepipe steel development
programs at this time, they found that they could enlist the
efforts of a fully-equipped and staffed federal government
laboratory (CANMET*) and a large number of young expert
steel researchers in Canadian universities.
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It was the vision of an Arctic pipeline which would
transport natural gas from the Beaufort Sea and Alaska
North Slope that really kicked this research machine into
action. There were 2 competing Arctic pipeline consortia –
Canadian Arctic Gas Study Ltd., and Foothills Pipe Lines Ltd.
The prospective market of 2 million tons of high quality
linepipe lead to the commissioning of large-diameter pipe
mills at Stelco (1955) and Ipsco (1967). At the same time,
the metallurgy of linepipe steel was undergoing a
revolutionary
change
that
involved
new
steelmaking/casting practices, microalloying (MA) and
thermomechanical processing (TMP). This is where
CANMET and the universities played their critical roles.
CANMET had laboratory facilities with technical and
scientific staff to melt, roll, test and characterize the new
MA/TMP steels. The laboratory facilities included induction
melting, hot rolling mill with accelerated cooling, cam
plastometer, Gleeble, mechanical testing (tensile, Charpy,
Battelle DWTT) and microstructure characterization (OM,
SEM, TEM, XRD)**. To provide expert advice to the
National Energy Board (NEB) on approving and regulating
the Arctic pipeline, CANMET hired 10-15 new scientists and
technologists, and started a large in-house research
program on linepipe steels. The universities were able to
access these facilities and materials for their in-depth
studies of steelmaking reactions (McLean, U. Toronto),
continuous casting (Brimacombe, UBC), hot working (Jonas,
McGill and McQueen, Concordia) and mechanical
properties (Embury, McMaster)***.
For a brief period in the early 1970’s, CANMET was the
focus of enormous outside interest in this research and
development on linepipe steel. Representatives of
international microalloy producers, steel companies and
welding organizations flocked to Ottawa to sniff the winds
of emerging specifications for steel and welding for the
Arctic pipeline. A succession of international conferences
were held, often generously (by present standards)
sponsored by the microalloy companies. The most notable
of these conferences, both scientifically and socially was
________________________________________________
*At that time it was the Physical Metallurgy Research
Laboratory in the Mines Branch of the Department of
Energy Mines and Resources. All of these names have
changed over the years. For this article, we use the most
common current appellation – ‘CANMET’.
** This was the situation in 1970. These facilities have
been continuously upgraded and supplemented with new
equipment since then, culminating this year in the
construction and equipping of a new laboratory located at
the McMaster Innovation Park in Hamilton.
*** The availability of the CANMET facilities is an ongoing
benefit to university researchers. For the past 10 years, the
cost of this work can be shared among CANMET, NSERC
and the university under the Academic User Program.
Microalloying 75 (Union Carbide Corp., 1975) held in
Washington, DC. Attendees learned of state-of-the-art
research during the day and were treated to lavish social

events in the evenings (including a ballet performance at
the Kennedy Centre by the recently-defected Mikail
Baryshnikov). The following year, there was an
international conference on Materials Engineering in the
Arctic (Ives, 1976) held at Grey Rocks, QC. The proceedings
of this conference captures the extensive research on
linepipe steel that was ongoing in Canada at that time.
The prospect of an Arctic pipeline stalled in 1977 with
the report of the Berger Inquiry (Berger, 1977) (and a
global depression in natural gas price). However, the
research effort that was launched by the Arctic pipeline
dream continued to grow and produced singular advances
in knowledge and application of basic steel metallurgy over
the next 3 decades (Figure 19).

Figure 19. 10 nm Nb(C,N) precipitates and dislocation
substructure in an experimental microalloyed linepipe
steel (Boyd, 1976)
All of the aforementioned university groups became
world-class centres of research in their particular areas.
With the reduced incentive for Arctic grade linepipe steel,
the scope of the research broadened to include other steel
products such as plate for offshore drilling/production
platforms and later, sheet for automotive bodies. The next
snapshot on steel research in Canada is the proceedings of
the Japan-Canada Seminar on Secondary Steelmaking
(Canadian Steel Research Association and Iron and Steel
Institute of Japan, 1985), held in Tokyo in 1985. At that
time, Japan dominated the world steel industry, with ultramodern plants and technology, and huge research
laboratories. Nevertheless, the team of 20 Canadian
researchers, organized with military thoroughness and
discipline by J. McKay of Stelco, impressed their hosts (and
themselves) that Canada was a powerhouse of steel
research knowledge and activity. In the 1980’s and 1990’s,
there was a extensive output of publications on linepipe
steel research by Canadian investigators (and their
international collaborators) as well as significant industrial
advances. New grades of linepipe steel were developed by
the combined industry-government laboratory-university
effort. New X80 grades were announced by Stelco and
Ipsco (now Evraz) in the early 1990’s (Afaganis et al. (1998),
Kostic et al. (1998)). Since then, Evraz has continued its
development and production of an X100 grade (Collins et
al., 2009).
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It is beyond the scope of this brief article to document
all the conference presentations, papers and patents that
have been produced from this ‘Canadian golden age’ of
linepipe steel research and development. However, the list
of international symposia sponsored by Metsoc (COM
(1986), Ruddle et al. (1987), Yue (1990), Jonas et al. (1994),
Hawbolt and Yue (1995), Collins (1998), Yue and Essadiqi
(2000), Militzer et al. (2003), Chen (2005), Wanjara and
Elwazri (2008)) and CANMET (Thomson (1983), Boyd and
Champion (1985), Too (1986)) relevant to this topic
provides a useful overview.
The metallurgical world has changed significantly
during the past 50 years, in particular the steel industry.
Over this period, Canadian steel production has gone from
5M MT (1955) to a peak of 16 M MT (2000) to a current
level of 15 M MT (Warrian, 2010). Stelco (now US Steel
Canada) no longer produces large diameter linepipe (or
plate). Algoma (now Essar) produces heavy plate, but not
pipe. However, Evraz has grown and become a global
producer of high strength plate at its plant in Regina and
large diameter linepipe at its plants in Regina and Camrose.
There are new Arctic pipeline proposals: Mackenzie Gas
Project in Canada and the Alaska Pipeline Project in
Alaska/Canada. The new CANMET laboratory will be a
state-of-the-art facility for steel processing, testing and
characterization. The overall number of researchers
working on steel at Canadian universities is much reduced
from what existed at the time of the 1985 Canada-Japan
meeting, but it is still a significant national effort (UBC,
Alberta, McMaster, McGill, Queen’s, Calgary, Waterloo,
UNB). Metsoc continues to be an important partner in this
ongoing research/development activity through its support
of technical sections, COM symposia and publications.

The Space Age: Materials Engineering
and the Canadian Aerospace Industry –
the Last 50 Years
Introduction
This section reviews contributions by the materials
engineering community to the growth of the Canadian
aerospace industry over the past 50 years. Materials
engineering is an enabling technology contributing
intimately to the disciplines of design, manufacture,
fabrication, assembly, use, inspection, maintenance and
repair. It would be foolish to attempt to draw lines of
demarcation between any of these disciplines and yet to
cover them all thoroughly would require far more time and
space than is available here. Fortunately, one of the
authors has published a similar review covering
aeronautical structures and materials in Canada over the
50 year period from 1950 to 2000, and it might contribute
to a broader understanding of an extremely complex story
(Wallace, 2004). In this paper we focus on materials
engineering covering the design, processing, properties

and use of materials in aerospace structures and systems.
It provides an up-date on the earlier paper but with a
much narrower focus and covering developments since
1960 only. References are provided throughout but they
are not intended to provide a complete guide to the
literature on any particular topic. Rather, they simply
provide leads to other publications where further details
can be found.
50 Years Ago
In the early 1960’s the industry was at a low point, still
recovering from cancellation of the AVRO Arrow and the
AVRO Jetliner. Many of the companies that supplied
engines, landing gear and other sub-systems and services
for these aircraft went into rapid decline. Many highly
qualified people moved to other sectors, and while some
stayed in Canada many moved to other countries. The
main aircraft companies were Canadair and De Havilland
while Pratt & Whitney Canada and Orenda Aerospace
continued to produce and service engines. With one of the
world’s largest registers of civilian aircraft, repair and
overhaul remained relatively strong and this sector
provided a strong foundation for impressive growth that
has continued to the present day. There was only one
university with a department dedicated solely to and
sharply focused on aerospace and this was the University
of Toronto Institute for Aerospace Research (UTIAS), and
the only government R&D facility dedicated completely to
aeronautics was the National Aeronautical Establishment
(NAE) of the National Research Council Canada (NRC). A
very small group of scientists and engineers worked on
materials but few if any had formal materials engineering
training, the others being largely chemists, physicists or
aeronautical engineers. The authors do not have reliable
figures on the size or performance of the industry during
the 1960’s but from personal memory the situation often
seemed very uncertain and a sharp contrast to the vitality
of the more recent past. However, in retrospect the early
1960’s provided the starting point for a gradual recovery
that has continued and even blossomed over the past 25
years.
The Industry Today
Today Canada’s aerospace industry enjoys an enviable
position. By 2009 it was fifth largest in the world with
revenues of $22.2B acquired from sales of $18.5B to the
civilian sector and $3.7B to the military sector. Of the total,
$17.2B was for exports. This business created 79,000 full
time jobs and an estimated 150,000 full time equivalent
positions through direct, indirect and induced
employment. Capital investment in Canada was about
$0.53B and $1.4B was invested in R&TD. The Canadian
community counts over 500 companies including a mix of
large multi-nationals such as Bombardier Aerospace, CAE,
Magellan Aerospace Corporation, Standard Aero Limited,
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United Technologies, Rolls-Royce, Héroux-Devtek, General
Electric, Boeing, Messier-Dowty, EADS, Bell Helicopter
Textron, and Lockheed Martin. Some of these are foreign
owned companies but others have head offices in Canada.
The lower 3rd and 4th tier companies provide sub-systems
and services such as thermal management systems,
navigation aids, guidance and control systems, interior
trim, machining services, materials and processes, and
repair and overhaul.

consult Bucci et al. (2000) for more information. It should
be noted that several of these heat treatments are multistep treatments designed to give favourable combinations
of static strength and corrosion resistance and extensive
work was carried out at the NRC- Institute for Aerospace
Research (IAR) in Canada to develop similar treatments as
remedial measures for aging aircraft suffering from
corrosion problems (Wu et al., 2001).
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Figure 20. Evolution of aluminum alloys for airframe
applications (after Bucci et al., 2000)
By the late 1980’s and early 1990’s alloys such as
2524-T3, 7150-T7751 and 7055-T7751 were considered
among the best for use in fuselages, body stringers and
upper wings, as indicated in Figure 21. Readers should

Fracture Toughness,
Kapp, ksi(in)1/2

As noted previously (Wallace, 2004) Canada produces very
few of the main classes of semi-finished aerospace quality
alloys in forms such as ingot or billet, rolled sheet, plate,
extrusions or forging stock. However, the country has
learned how to design with and to use these materials in
manufacturing and has produced innovative products that
have sold around the world.
Throughout the period of this review, the most
commonly used materials in airframe structures were
aluminum alloys from the 2000 and 7000 series, as
illustrated in Figure 20 (Bucci et al., 2000) During the
1960’s, alloys such as 2024 were widely used for parts
requiring high ductility and fracture toughness while 7000
series alloys such as 7075-T651 and -T7351 were used
where high strengths were required. As is usually the case,
the selection of alloys for specific applications involves
trade-off between properties such as static and fatigue
strength, stiffness, ductility, fracture toughness,
formability, and corrosion resistance. Throughout the
period of this review, incremental gains have been
achieved through control of alloy chemistry, impurity and
trace element contents, and heat treatments, as
summarized in Figure 20.
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Figure 21. The trade-off between yield strength and
toughness in aerospace aluminum alloys and typical uses in
airframe structures (after Bucci et al., 2000)
Gas turbine engines, auxiliary power units and landing
gear probably account for the next largest market for
engineering alloys and each makes extensive use of
specialty steels, titanium, aluminum and magnesium
alloys, and both nickel-base and cobalt-base superalloys.
The evolution of nickel-base superalloys, which is the
dominant class in engines and APUs, is illustrated in Figure
22 where the ordinate represents the volume fraction of
the main strengthening phase (J') and hence is a strong
indicator of high temperature strength. Initial use was of
wrought products since mechanical working was needed to
break up highly segregated cast structures of ingots and
bring starting billets closer to the final shape of finished
parts. But, as alloy contents increased, any form of working
became difficult or even impossible, and precision
investment casting was developed to produce cast-to-size
parts such as guide vanes and blades where larger grain
sizes were needed for improved creep strength. The
evolution of all these alloys has occurred as methods of
vacuum melting, refining and casting improved, as
illustrated in Figure 22. But today’s alloys are highly
reactive, universally strong, and difficult to form to finished
products with properties optimized for specific
applications, whether by rolling, forging or casting.
As a result some highly specialized methods have been
investigated including powder metallurgy methods,
isothermal forging, and both directional and single crystal
solidification techniques. In fact single crystal turbine
blades are the state-of-the-art in the most modern engines
today. Pioneering work has been done on these materials
by Roger Reed, formerly of the University of British
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Columbia (Reed, (2006), Reed et al. (2009)) and Jonathon
Beddoes of Carleton University (Hegde, 2010). Some highly
specialized techniques such as vapour phase processing
and free form fabrication using lasers and electron beams
have also been used. Finally, thermal spray and physical
vapour deposition methods are being used for wear,
erosion or corrosion resistant coatings as discussed later.

(sand, resin shell, and investment castings in heat or wear
resistant alloys), and Alphacasting (investment cast carbon
and stainless steels, precipitation hardening steels,
aluminum alloys, and titanium alloys). Companies such as
these have improved their services through a variety of
means; rapid prototyping, QA, CAD, CMM, NDE,
automation, and modeling and simulation of the casting
and solidification processes. At least one of these
companies also uses hot isostatic pressing technology
which is able to close defects such as shrinkage cavities in
castings and thus reduce scrap rates.
Fifty Years of Aerospace Machining in Canada
The aerospace industry has been a driving force behind the
use of advanced materials such as titanium and heatresistant nickel-based alloys, and fibre reinforced
composites, which are difficult to machine due to rapid
tool wear and chatter. The demand for large monolithic
parts and the diversity of requirements among the
airframe, engine and landing gear manufacturers pose
another level of challenge.
Canadian industry has responded by development of
new cutting tools, wear resistant coatings and the
application of new processes such as high speed and
adaptive machining. Some of the most difficult to machine
materials are handled by Pratt & Whitney Canada at their
turbine blade plant in Nova Scotia. These are ultra-high
strength vacuum investment cast parts that need finish
grinding in areas such as fir tree or dovetail blade root
attachment areas and cooling holes. Canadian landing gear
companies and most of the repair and overhaul companies
have had to develop similar capabilities to deal with the
specialized materials used in their sectors.
Extensive work on machining has been carried out at
several universities such as McMaster, UBC, Toronto and
Université de Montréal, much of which is applicable to
several industrial sectors. The Aerospace Manufacturing
Technology Centre (AMTC) of the NRC-IAR has also
developed an impressive program focusing on five topics
relevant to aerospace, namely:

%
J'

Figure 22. Evolution of superalloys for gas turbine engines
(after Durrand-Charre, 1997)
Developments in Canada
Canadian industry has responded well to these challenges
and has developed many innovative methods to produce
high value, high performance products cost effectively. In
fact Canada is one of the few countries able to design,
manufacture and maintain every component required of a
modern aircraft, and this may even be claimed for the
companies of a single region, the Greater Montreal area.
Only a few achievements will be mentioned here, but all
strive to produce quality parts cost effectively.
Fifty Years of Aerospace Casting in Canada
Regardless of alloy type, as strength and hardness have
increased it has become increasingly difficult, time
consuming and costly to shape parts by any form of
machining or metal working process. Various methods of
precision casting have been developed including sand,
shell and investment casting. Many companies provide
aerospace quality castings in Canada including Vestshell
(investment cast carbon and alloy steels, austenitic and
martensitic stainless steels, precipitation hardened alloys),
Shellcast (aluminum investment castings), Howmet-Cercast
(Aluminum investment castings), Haley Industries
(aluminum and magnesium sand castings), Deloro Stellite

x

High speed & high performance machining, sustainable
manufacturing and tool life management (Attia et al.,
2010).
Machining of composites and stacked materials (Rawat
and Attia, 2009).
Super-abrasive and advanced grinding and polishing
processes.
Physics based modeling and simulation of the machining
system (Shi and Attia, 2009).
Process optimization and control of machining systems.

x
x
x
x

A system used for laser-assisted machining of hard
materials at IAR-AMTC is shown in Figure 23, (Attia et al.,
2010).
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optical 3D deformation analysis, finite element simulation
of forming processes, die design, lubrication analysis,
friction testing, parametric optimization and process
window definition (Anderson et al., 2010).
Application of forming processes, such as tubular
hydroforming, promises significant advantages for the
manufacture of aerospace parts, including reduced weight
and fabrication costs, higher process reliability and
repeatability, and higher quality parts. As illustrated in
Figure 24, complex geometries can be manufactured by
applying a high pressure fluid to expand a tubular (or
sheet) blank into a die cavity to form the part.
Figure 23. Laser-Assisted Machining Set-up –
(courtesy NRC- IAR)
Fifty Years of Aerospace Metal Forming in Canada
GE Aviation invested heavily in 1994 bringing aircraft
quality forging technology to Canada at their facility in
Bromont, Quebec. In this plant fan and compressor blades
are produced for the CFM56 engine that powers the
Boeing 737 and Airbus 320 aircraft, as well as blades for
the GE90 and CF6 engines (General Electric Aviation,
2011).
In terms of wing structures, perhaps the most
significant development was that of peen forming by NMF
Canada, now part of the Sonaca Group. The NMF process is
a combination of peen forming, mechanical pre-stressing
and warm forming to produce large monolithic structures
with integral stiffeners and controlled curvature such as is
required on large supercritical wings. The benefits are
reduced parts count, elimination of costly joints, reduced
assembly times and improved performance (Ramati et al.,
1999). NMF Canada has supplied wing or empennage
panels for Bombardier Aerospace, Embraer, Mitsubishi
Heavy Industries, Israel Aircraft Industries and Spirit
Aerosystems (Sonaca, 2011). Recently, modeling and
simulation of the peen forming process has been carried
out at the IAR-AMTC (Miao et al., 2009, 2010) in
collaboration with École Polytechnique de Montréal.
Hydroforming, which has been successfully adopted
by the automotive industry for low carbon and high
strength low alloy (HSLA) steels, has been investigated
recently for the manufacture of aerospace parts using
materials such as superalloys, aluminum alloys, titanium
alloys and stainless steels. This was under a CRIAQ and
NSERC funded consortium involving industrial partners
(Pratt and Whitney Canada and Bell Helicopter Textron
Canada), academia (Université de Laval and École de
technologie supérieure) and NRC-IAR-AMTC. This precompetitive research program has permitted fundamental
understanding of tubular hydroforming.
Through interactions with other industrial partners,
NRC-IAR has developed broad expertise in forming that
encompasses material property characterization using

(a) Example of a complex hollow geometry
[COM 2008, Javad]

(b) Simulation of tubular hydroforming process

(c) Tubular hydroforming showing die setup for
manufacture of a hollow blade in a 1000 tons press

(d) Hydroformed aerospace prototype component
Figure 24. Developments in hydroforming for aerospace
components – (courtesy NRC- IAR)
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The processing of pre-alloyed nickel-base superalloy
powders by hot isostatic pressing to produce stock for
turbine blade applications or production of disc forgings
has been studied by Pratt & Whitney Canada and the
Structures and Materials Performance Laboratory (SMPL)
of IAR (Wallace et al., 1974) and both conventional and
isothermal forging of discs alloys have been explored
(Wallace et al., 1974; Immarigeon and Koul, 1985; Koul and
Immarigeon, 1987).
Work has also been carried out at IAR-AMTC on
isothermal forging of nearalloys (Wanjara et
al., 2005, 2006) but this process is not in commercial use in
Canada. The use of hot isostatic pressing to close shrinkage
cavities in castings and for recovering properties in used
turbine blades has been examined and the process may be
in use for some ferrous and non-ferrous alloys, but at least
in Canada it has not been adopted for nickel-base turbine
blades or vanes used in aircraft engines (Wallace et al.,
1978; Maccagno et al., 1990)
In 2003, funding from the Canadian Foundation for
Innovation (CFI) was awarded to McGill University to
develop a new generation of highly-resistant materials
designed to meet the extreme requirements of the
aerospace industry. By 2008 the McGill Aerospace
Materials and Alloy Development Centre (MAMADC) was
established. In partnership with NRC, MAMADC has
launched three unique Canadian facilities. One of these is a
1000 ton isothermal forging press (Figure 25) that was
recently installed at IAR-AMTC to advance research and
technology development of titanium alloy and superalloy
components through developing the inter-relationship
between processing, microstructure and mechanical
properties to understand the optimum process window for
manufacturing.

Technologies of Toronto is worth mentioning. They have
developed NanovateTM alloys using a proprietary electrosynthesis process to produce free standing forms or fully
dense coatings having high strength, toughness and
hardness by reducing grain size to the nanometer scale
(Integran, 2011).

Fifty Years of Aerospace Coatings in Canada

Also the recent establishment of a cold spray facility
(Figure 26) at NRC-IMI in collaboration with MAMADC has
made immense advances in developing a new generation
of surface treatments for aircraft components without
subjecting them to high heat (Figure 27).

Surface treatments and protective coatings play an
important role in aircraft structural design and
manufacture, and include wet processing methods such as
electro-plating, electro-less plating, anodizing and chemical
conversion coatings as well as slurry applied coatings.
Paints and primers are also used as are coatings applied by
chemical vapour deposition (CVD), physical vapour
deposition (PVD), and thermal spray. All these processes
are available in Canada and Canadian companies have
been particularly successful during the period of this
review developing new processes and products (Legg,
2010). Much of this work has been assisted by Government
Laboratories such as the Industrial Materials Institute (IMI)
and the Institute for Aerospace Research (IAR), both of the
National Research Council Canada. Many of the chemical
and electrochemical processes mentioned above have
been available for many years and while individual
companies may have improved their techniques for
quality, reliability and productivity gains, there have been
few fundamental breakthroughs. However, one at Integran

Figure 25. Isothermal forging facility of MAMADC located
at the NRC Institute for Aerospace Research
(Courtesy NRC- IAR and MAMADC)

Figure 26. Cold spray facilities of MAMADC located at the
NRC Industrial Materials Institute
(Courtesy NRC-IMI and MAMADC)
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corrosion resistance and the superlattice layers provide
hardness and erosion resistance. The superalattice layers
consist of alternating nanolayers of TiN and CrN for high
hardness.

Ti

Super
e
er
Ti
lattice
ce

Super
lattice

Ti

Figure 28. A multilayer coating consisting of
alternating layers of titanium, chromium and superlattice
bands, these bands in turn consisting of alternating nanolayers of TiN and CrN (Yang et al., 2004)

Figure 27. (A) FEG-SEM backscattered imaging of aspolished cold sprayed titanium coating cross-section
sprayed at 1173 m/s using helium as the propellant gas
and (B) FEG-SEM secondary electron imaging of the
corresponding coating surface top view
(Wong et al., 2011)
Thermal spray has been a major focus of work at NRCIMI covering several different methods such as flame,
plasma and high velocity oxy-fuel spraying, and much has
been transferred to industry (e.g. Tecnar, 2011). In
aerospace, thermal spray is widely used to rebuild worn
turbine parts, for deposition of hard and wear resistant
surfaces on landing gear, for deposition of oxidation and
corrosion resistant coatings, and to form abradable seals
(Bouaricha et al., 2005; Blain et al., 2007; Marple and Lima,
2007; Kruger et al., 2008). At the present time companies
such as Vac Aero, Deloro Stellite, Liburdi Engineering,
Northwest Mettech, Tecnar Automation Ltd., Orenda
Aerospace, Standard Aero Limited, and many others are
active in this area.
Work at IAR has focused on physical vapour deposition
using processes such as cathodic arc, magnetron
sputtering, and electron beam physical vapour deposition.
A variety of technologies have been developed including
design of multi-layer, functionally graded and nano-layer
coatings where compositions and structures have been
tailored to provide specific properties in local regions from
the coating-substrate interface to the external surface.
Figure 28 shows a cross section from an advanced
erosion resistant coating produced by IAR (Yang et al.,
2004). It consists of alternating and repeating layers of
titanium, chromium and bands of superlattice layers. The
titanium provides toughness, the chromium enhances

R&D on CVD and PVD coatings is being undertaken by
several Canadian companies such as Sputtek, MDS
Coatings, Liburdi Engineering, Innovative Materials
Technologies and NTI (formerly Cametoid Ltd). The work
covers coating design, process development and
microstructural modeling. Several commercial products,
both old and new, are available.
Several companies have brought technology from
countries of the former Soviet Union and are developing
them in novel ways. These include NTI, where high energy
electron beam PVD is being developed for thermal barrier
coatings, and both they and MDS Coatings have developed
technologies for the production of multi-layer erosion
resistant coatings.
Fifty Years of MRO in Canada
Canada has been particularly successful in Maintenance,
Repair and Overhaul (MRO) with some of the world’s
leading companies and multi-nationals such as Standard
Aero Limited, Magellan Aerospace Corporation, Vector
Aerospace and Liburdi Engineering, among many others.
Solid contributions have been made by a number of
universities as well as the NRC-IAR. Norman Richards and
Mahesh Chaturvedi of the University of Manitoba, Xiao
Huang at Carleton University and J.-P. Immarigeon, Ashok
Koul, Prakash Patnaik, Rick Kearsey and Peter Au and their
colleagues at the IAR-SMPL have certainly been among the
most active.

375
The Canadian Metallurgical & Materials Landscape 1960 to 2011

Orenda Aerospace carried out a major program with
IAR to identify parts on the CF118-F404 engine and
developed repair and qualification options for nine high
value components. Six of the nine went through to full
scale engine qualification testing. Orenda Aerospace is part
of Magellan Aerospace Corporation, a company that has
operations around the world. Likewise, Standard Aero
Limited is a world-wide company, with major operations in
the United States where it provides services to several
branches of the US military. For example, it provides
depot-level maintenance on over half the T56/501D gas
turbines world-wide (StandardAero, 2011). Finally, Liburdi
Engineering has developed a number of weld and braze
repair methods for nickel and cobalt based superalloy
parts, including several wide gap repair options. Liburdi has
also developed a number of specialized welding systems
such as LAWSTM, Dabber(R), and Pulseweld(R) including power
supplies, control stations and welding heads. These have
been sold to repair stations around the world and at least
one international joint venture has been established
(Liburdi, 2011).
One of the most significant contributions is the
extensive suit of facilities for quality assurance and
qualification testing of engine materials, components and
repairs developed at IAR-SMPL. They include many
computer controlled servo-hydraulic test systems,
Figure 29, that are equipped with heating devices and high
temperature extensometers for tensile, fatigue, short and
long crack growth rate testing, fracture toughness, thermomechanical fatigue, creep and stress relaxation. They also
include high velocity gas burner rigs, spin rigs and full scale
engine endurance and simulated mission testing facilities.

Figure 29. The high temperature fracture mechanics test
laboratory at the NRC Institute for Aerospace Research
(Courtesy NRC–IAR).
Fifty Years of Equipment Health Management in Canada
Materials engineering plays important roles in aircraft
health and life cycle management, and Canada has been
influential in several areas. For many years aircraft

airworthiness has been provided using safe-life and
damage tolerance concepts via ASIP – Aircraft Structural
Integrity Programs. Over the last 20 years researchers at
IAR have worked with international colleagues to develop
the concepts and demonstrate the benefits of HOLSIP –
Holistic Structural Integrity Programs (Bellinger et al., 1997;
Bellinger et al., 1998; Komorowski et al., 2007; Liao et al.,
2005). Extensive knowledge of flight profiles and mission
histories are required along with knowledge of the
material and structural response to environmental
degradation by processes such as fatigue, fretting,
corrosion, corrosion fatigue and stress corrosion cracking.
This is a departure from ASIP where environmental factors
were not dealt with explicitly.
Damage tolerance concepts applied to engines came
much later than with airframe structures, and was led
largely by the US Air Force. The approach is basically the
same as with airframe structures but perhaps requires
more input data and must deal with the added problem
that critical flaw sizes are generally much smaller than in
airframe materials. Here, thermal and mechanical load
histories must be known and converted to 3-dimensional
temperature and stress distributions so that fracture
critical parts and their “hot spots” can be identified. Times
or cycles to crack initiation and rates of crack growth can
be predicted, and inspection intervals imposed to ensure
that cracks are detected before they become a threat to
part integrity. The approach has been described as
Retirement-for-Cause by the USAF and incorporated into
ENSIP (Engine Structural Integrity Programs).
Diagnostics, Prognostics and Health Management
(DPHM) is a term often associated with engines, and is
perhaps a fairly recent off-shoot of MRO, although the
diagnostic component has certainly been used for more
than 50 years. Diagnostics relies on practical operating
experience with engines together with data from
distributed sensors to monitor changes in operating
conditions and trends in structural response to estimate
the current health of selected parts of the engine. The
main drawback is that the approach is largely empirical
and extensive operating experience is required on the
same engine to estimate current health with any
confidence.
PHM in Canada was stimulated by the Industry Canada
Technology Roadmap held in 2004, although groundwork
had been underway at IAR for many years before that. The
fundamental premise is that damage modes and rates of
damage progression can be modeled following rigorous
physical principles and the extent of damage can be
predicted at any point in time provided the operating
environment and its variation in time are known. It may
employ safe-life concepts or damage tolerance, and either
deterministic or probabilistic methods may be used.
The Materials Group at IAR is thought to be the first in
Canada to demonstrate the use of damage tolerance for
engine life cycle management (Koul et al., 1985), and
Ashok Koul began developing the physics based models of
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international trade. Industry Canada and the National
Research Council have served to stimulate R&D through
the Strategic Aerospace and Defence Initiative (SADI) and
the Industrial Research Assistance Program (IRAP). They
have also been critical players in encouraging industry to
work in a collaborative mode through the creation of
Technology Roadmaps (TRMs) and supporting workshops.
These have been invaluable in identifying needs and
priorities for industrial R&D and in promoting the
establishment of R&D partnerships, especially at the precompetitive level.

x
x
x
x
x

Aerospace Protective Coatings, TRM, 2007.
Aerospace Composites, TRM, 2008.
Green Aviation Research & Development Network,
www.GARDN.org/
Canadian Aerospace Environmental Technology
Roadmap, 2009.
Future Major Platforms Initiative, 2009,
www.aiac.ca/resources-and-publications/fmp.
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Figure 34. Automated fiber placement machine at NRC for
composite manufacturing R&TD
(Courtesy of NRC-IAR)
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