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TEXT

Materials ! -whether natural or artificial- and the technical progress
of human societies are inextricably linked.? A typical example of this
rule, aviation is no exception. This human and societal adventure
finds its source in the most far-off times, as evidenced by the myth of
Daedalus making wings out of feathers and wax for his son, Icarus, 3
the automaton (flying pigeon) of Archytas of Tarantoin in the 5 cen-
tury BCE, Abbas Ibn Firnas’s attempt at flight in the Emirate of Cor-
doba around 853 CE, or the flying machines designed in the 15™ cen-
tury by Leonard de Vinci.® There are numerous examples where hu-
mans have attempted to fly or have designed self-propelled flying
machines, and natural materials such as wood, canvas or ropes were
at the heart of construction of the first flying machines.® Sub-
sequently, metals and their historical alloys ’ -ferrous alloys (steels or
cast irons), copper alloys (bronzes, brass, etc.)- were quickly used for

” 8

the manufacture of “heavier than air” ® engines.

If the integration of these materials allowed the forerunners of avi-
ation to make the first tests at the turn of the 20th Century,9 thus
triggering the inception of aeronautics,!® it was not until the First
World War that aviation was developed on an industrial scale.!! This
industrialization was the consequence of decision-making factors
driven by a rapidly changing military context but also by dint of tech-
nical innovations in the fields of motorization, aerodynamics, struc-
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tures and, therefore, materials. The new availability of certain metals
(aluminum, titanium) at the time was an important factor in this in-
dustrialization. Consequently, the need to solidify or make aircraft
lighter encouraged research on metallurgy and allowed for the devel-
opment of new alloys and associated manufacturing processes such
as precision forging, stamping, extrusion.'> Moreover, ever since
aeronautics began the materials industry has innovated steadfastly in
order to meet increasing constraints: lightness, hardness, tensile
strength, fatigue resistance, corrosion resistance, etc.

3 This issue aims to address the modern period using articles that
focus on some of the metallic materials that revolutionized aviation
and aeronautics in the 20™ century. By offering a history of aeronaut-
ics applied through the lens of materials, we wish to contribute to the
broader notion of “Aeronautical Heritage”

1. Strategic materials for aero-
nautics

4 It would be impossible to think about the rapid development of avi-
ation without mentioning aluminum-based light alloys and, more
rarely, those based on magnesium. It was with the discovery of alu-
minum in 1854 and the development of Duralumin in 1906,'3 that
aeronautics as a science was able to take off and, indeed, aluminum-
based alloys were triggers for "heavier than air" machines, combining
weight reduction and mechanical resistance at the same time. They
proved to be the materials of choice for the manufacture of airframes
(wings, empennage, fuselage) to replace wood and canvas -the latter
being considered too fragile to withstand the stresses exerted on the
structures during flights- or to replace steel-based alloys which were
considered as being too heavy.

5 Very soon after, additional properties which were resistant to heat or
resistant to corrosion led to the development of new alloys.
Titanium-based alloys, were developed for this purpose and quickly
found their place in aeronautics.'* They combine medium-to-low
density, toughness, high-temperature strength retention (up to
600°C) and excellent resistance to corrosion. Specific alloys have also
emerged for engine parts: nickel-based superalloys (the first versions
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of which date from 1906) ! are able to resist harsh conditions such as
very high temperatures (approaching 1000°C), high loads, and oxidat-
ive vapors all with mechanical properties superior to those of all the
metal alloys mentioned above. In the quest for new properties adap-
ted to the demands of aeronautical industry, we must not forget the
improvement of older alloys -special steels, for example- with high
mechanical and corrosion resistance developed for high load bearing
and therefore used in the manufacture of crankshafts and aerostruc-
tures such as landing gear.

6 Lastly, since the early 1960s!® composite materials (fibre/matrix)
have played a role in aeronautics -as in many other fields- " by repla-
cing metal alloys due to their possessing high resistance qualities
(strength to volume mass ratio), their being better able to resist cor-
rosion, or it being possible to produce them in a single go. Doing so
allows for a reduction in production costs. ¥ Composites with a poly-
mer matrix (or PMC)!® were the first to be introduced into aircraft
structures. First, these were composites reinforced with glass
fibres, %0 and then, from the beginning of the 1970s, composites were
reinforced with carbon fibres. Composites with a ceramic or metallic
matrix (CMC, MMC)?! are currently at the heart of numerous stud-
ies 22 due to their excellent properties namely mechanical resistance
and rigidity. CMCs also exhibit the dimensional stability to be able to
resist the very high temperatures found in engine combustors or ex-
haust nozzles.

7 In all these cases, there is a very high variant of metal alloys (of differ-
ent chemical composition or of composite materials), all of which
allow particular mechanical properties to be obtained and act in ac-
cordance with precise specifications defined by actors from the aero-
nautical sector.

2. A dialogue between disciplines

8 In order to better understand the development of aeronautics, it
would be appropriate to study the contribution of these materials in
technical innovations. Conversely, studying the contextual factors
(historical, technical, industrial, social or even economic) that have
triggered innovation(s) in the materials field is just as important. Bey-
ond the informative content it provides, this issue demonstrates the
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need for interdisciplinary dialogue, particularly in the fields of mater-
ials sciences, engineering and human and social sciences that are too
often separated and dealt with separately. This assertion is coherent
with the analysis of technology ethnologist, Pierre Lemonnier, >3 who
notes that human sciences are mostly absent from the works of spe-
cialists writing on the fundamental principles of aviation, and that
historians often describe the economic and political contexts of the
aeronautical industry without going into the heart of its technology.

Sociologists, historians of science and technology, etc., might see the
interest of associating other disciplines when studying complex and
multifaceted subjects such as aviation and the aeronautical industry
in the mobilization of technical documentation. Technical archives,
when conserved, include technical concepts intended for an in-
formed public, e.g. aeronautical engineers of the time. Knowledge of
metallurgy is therefore needed and this knowledge includes the sci-
ence of materials -more precisely of metals- their elaborations, their
treatments -more often than not, on an industrial scale- and their
properties -mainly mechanical but also chemical-. It is worth devot-
ing time to these aspects as the analysis of these technical archives
can provide help in understanding the technological problems and
solutions that may have emerged in this area, e.g. around engine,
aerodynamics and of course aeronautical materials. It may then be
possible to analyse how certain technical progresses or certain in-
ventions may have triggered industrialisation.

With regard to the material sciences or the engineering sciences,
studying a social, economic or technical context while considering
the history of aeronautics can be enlightening and inspiring. In par-
ticular, it can be a question of understanding the technical develop-
ments introduced by engineers as well as the contribution of scient-
ists in the discovery of particular physical phenomena.?* The ap-
proach, then, consists in going back to the origins of the discoveries
through bibliographical research such as consulting early scientific
articles and /or patents. 2> Subsequently, by analysing these sources
and cross-checking them with other sources such as industrial
archives or testimonies, the researcher is able to understand past
successes (how technological barriers were overcome, for example)
and the failures (how addressing some problems was abandoned due
to a lack of technical means to solve them or because of new inven-
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tions making it possible to circumvent them).?® These paths previ-
ously considered as dead ends, could raise new interest thanks to
modern techniques and could serve overcome current technological
obstacles.

It is highly interesting, therefore, for researchers to increase collab-
orative efforts and to produce a collective analysis of past and
present sources in order to provide a better understanding and to
provide the means of analysis and treatment that can prove useful in
the future.

3. A technical history of aero-
nautics: from multidisciplinarity
to interdisciplinarity

Crossing various scientific perspectives on a common object of study
provides a definition of what is termed as multidisciplinarity.?’ This
approach is certainly necessary, but is not sufficient within the
framework of a global analysis integrating extrinsic properties (act-
ors, scientific policies, economy) and intrinsic properties (techniques,
materials) of a subject such as the technical history of aeronautics.
Interdisciplinarity is not only a dialogue between sciences, it must
also tend to the hybridization of the methodology itself. This is in line
with the proposal by technical historian and epistemologist, Marina
Gasnier, on the subject of industrial heritage.?8 In effect, she invites
us to think of industrial heritage “not as something multidisciplinary
-as four decades of study have concluded- but as interdisciplinary
and requiring the intersection between human, social, and the engin-
eering sciences” ?? An example where this interdisciplinary approach
can be found in the development of archaeometry. Created after the
Second World War, archaeometry is a discipline which examines past
societies using a wide variety of methods such as chemical and phys-
ical sciences or earth and life sciences. In this respect, it fully enters
the realm of human and social sciences. 30 Archaeological remains are
an important source of information for the completion of the often
partial or even non-existent archives of ancient civilisations. The
study of the materials of which these remains are composed not only
makes it possible to learn about past manufacturing processes of ma-
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terials thus providing valuable information for historians and archae-

ologists, but also to discover solutions for more current problems 3!,

More broadly, heritage sciences are a good illustration of the inter-
disciplinary approach. Cross-research involving art historians, mater-
ials scientists, physicists and chemists allows us to understand the
materiality of heritage objects: the materials they are made of or the
processes by which they were implemented. 32 The analysis of mater-
ials is also essential for understanding the physico-chemical phe-
nomena that develop at the heart of matter as time goes by. This can
cause changes in their properties (optical, mechanical or other). But it
is also essential to refer to the evolution of techniques through the
eras as much as to the raw materials available in a specific historical
context and/or geographic space. The use of the historical methods
such as research in archives and criticism of sources is therefore a
necessary step in delivering the most complete study possible.

4. The case of aeronautical herit-
age

The case of aeronautical heritage, which it should be remembered,
encompasses intangible dimensions (aviation history, aeronautical in-
dustries, etc.) and tangible dimensions (artifacts such as archaeolo-
gical remains or airplanes in museum collections), should be com-
pared with previous examples. As with industrial heritage or archaeo-
metry, studies on aeronautical heritage must be based on an interdis-
ciplinary approach applying a large crossover of sources (testimonies,
archives, materials, experiments). Notably, this allows for the study of
materials in the long term.

Among the interdisciplinary research already carried out on aero-
nautical heritage, aluminum alloys -the constitutive materials in al-
most all of the airframes and structures of aircraft since the 1920s-
appear to be the principal and most emblematic illustration of this
hybridisation. The first studies led in the 1980s and 1990s focused on
aircraft wrecks from the Second World War, and required the contri-
bution of chemists (corrosion specialists) in order to find treatments
and conservation protocols. 33 It was during this period that the term
“aeronautical archeology” 34 first appeared. Given the complexity of
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the alteration phenomena observed on these wrecks, it very soon ap-
peared necessary for researchers to deepen their knowledge of old
aeronautical materials, and to study the various nuances and intrinsic
characteristics which are linked. Specialized journals like La Revue de

PAluminium created in France in 1924 35

are, in this respect, invaluable
sources of information on the development of aeronautical alloys.
Beyond that, we might think that consulting technical archives kept
by companies or industrialists responsible for manufacturing these
alloys would be sufficient: technological developments made in the
20t century being supposedly well documented. As a matter of fact,
industrialists did not always give enough importance to the preserva-
tion of technical archives. They may have been destroyed and/or dis-
persed during company mergers or when depository institutions dis-

appeared.

As with archeology, the materials themselves are useful sources for
the researcher. It is in this context that certain research teams36 3
have approached the study of older aeronautical aluminum alloys
based both on the analysis of historical sources (often industrial
archives) and on the analysis of materials collected from heritage air-

planes or wrecked aircraft. 38
5. Target and content of the issue

This issue brings together contributions written by researchers and
engineers from different disciplines but who are all specialists in ma-
terials and /or in the aeronautical sector. It gives an initial overview of
the metal alloys that were necessary for the development of aero-
nautics throughout the 20™ century. Nihad Ben Salah’s article ex-
plores the origins and role of each family of metal alloys in aeronaut-
ics from their beginnings to the present. The articles by Toufa Ouissi
and Christian Degrigny deal more specifically with aluminum alloys.
The first shows the handling of this new material at the beginning of
the 20t century by countries anxious to develop their military avi-
ation. It provides an explanation for the rapid developments which
followed and which were brought on by a complex and strained in-
ternational context of the pre-Second World War period. The second
shows that aluminum was considered a noble material at the time of
its discovery and as a potential replacement for silver. The aluminum
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objects kept in museum collections -as is the case for the airplanes
themselves- raise conservation issues. The author provides examples
of the typical alterations which were observed and the need for a
sharper understanding of the alloys of which they were constituted.
Finally, the article by Jean-Yves Guedou sets out in detail the reasons
why nickel-based alloys called “superalloys” were essential to the de-
velopment of aeronautical propulsion and, in particular, the manufac-
ture of turbojets. In addition to these background articles, a note on
the trends and prospects for the market of composite materials, par-
ticularly in the aeronautics sector, can be found in the news section.

By offering this first issue on the history of aeronautical materials we
hope that a cross-view of specialists -whether historians, engineers,
physicists, or chemists- will be possible. We also want to open up the
field of possibilities for collaborations and new multidisciplinary -
even interdisciplinary- studies dealing with materials such as ti-
tanium alloys, nickel alloys, or composite materials and even anti-
corrosion coatings that have not been discussed in this issue. In this
sense, this issue is fully in line with the interdisciplinary approach
launched by Nacelles: Past and present of aeronautics and space since

its foundation. 3°
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