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During the 1940s, the world was embroiled in World War Il, and the demands for more advanced and efficient aircraft surged. Aircraft
engineering faced challenges due to the increasing complexity of designs, as manufacturers aimed to build planes that were lighter,
faster, and more durable. This pressure led to the development and early application of a method that would revolutionize engineering:
Finite Element Analysis (FEA).

The use of FEA in aircraft design during this period was born out of necessity. Traditional methods of structural analysis, which relied
heavily on hand calculations and experimental testing, were time-consuming and limited in scope. As the designs of airplanes became
more intricate, particularly with the introduction of all-metal aircraft, engineers needed new ways to predict how stresses would be
distributed throughout a structure.

Application of FEA in aircraft

The concept behind FEA during the 1940s was simple but groundbreaking. Engineers realized that complex structures, such as an
airplane’s fuselage or wings, could be broken down into smaller, simpler parts (elements). By analyzing these individual elements, they
could piece together a comprehensive understanding of how the entire structure would behave under different loads. The early
implementations of this method involved dividing the aircraft’'s structure into a series of lattice frameworks, where each framework
could be analyzed independently. This allowed engineers to approximate the stress distribution and deformation across the aircraft’s
critical components.

Pioneers like Alexander Hrennikoff and Richard Courant were at the forefront of these innovations. Hrennikoff's 1941 work on lattice
frameworks and Courant’s 1943 research on using simple equations to approximate complex geometries laid the foundation for what
would become FEA. While not as advanced as today’s methods, this early form of analysis helped engineers better understand the
performance of aircraft under stress and contributed to the development of stronger, more efficient designs.

Wartime innovations

World War Il forced engineers and mathematicians to collaborate more closely than ever before. With aircraft serving as key
instruments of warfare, the pressure to innovate was immense. Engineers working on planes such as the P-51 Mustang, Spitfire, and the
B-29 Superfortress utilized FEA principles to ensure that their designs could withstand the rigors of combat, including high speeds,
altitude variations, and heavy payloads.

Although these calculations were done manually with the aid of slide rules, the groundwork for the future of computational FEA was set.
The structural integrity of aircraft wings, fuselages, and landing gear became more predictable, reducing the time needed for testing
and prototyping. This marked a pivotal shift in the way aircraft were designed, emphasizing mathematical modeling over trial-and-error
physical testing.

The Legacy of 1940s

The developments during the 1940s laid the foundation for the computational tools that would come with the digital age. When
computers became available in the 1960s, FEA rapidly evolved into a powerful method for solving complex engineering problems.
Today, engineers can analyze everything from the structural integrity of aircraft to the thermal behavior of engines in a fraction of the
time it once took, thanks to advancements in FEA.

The accompanying images capture this era of innovation: one depicts early aircraft engineers working on designs with basic tools, while
the other shows a blueprint-style drawing of an airplane with stress points marked for analysis. Together, they illustrate how the seeds
of FEA were planted during one of the most critical periods in modern engineering history.


https://scitechmag.com/2024/12/early-days-of-fea/

References

= Crahmaliuc, R., & Crahmaliuc, R. (2023, June 1). 75 years of the Finite Element Method (FEM). SimScale.
https://www.simscale.com/blog/75-years-of-the-finite-element-method-fem/

m The brief history of FEM. (n.d.). https://featech.rs/blog/tpost/gav5sce2fl-the-brief-history-of-fem

= Madier, D. (n.d.). History of finite element method. FEA Academy.
https://www.fea-academy.com/index.php/component/content/article/27-blog/fea-generalities/73-fem-history?ltemid=101



https://www.simscale.com/blog/75-years-of-the-finite-element-method-fem/
https://featech.rs/blog/tpost/gav5sce2f1-the-brief-history-of-fem
https://www.fea-academy.com/index.php/component/content/article/27-blog/fea-generalities/73-fem-history?Itemid=101

