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BACKGROUND 

Mechanical design theories have been around as long as 
the development of machines and tools to aid in agriculture, 
construction, and transportation. Over time, advances in 
mathematics, physics, and engineering led to the creation of 
more sophisticated mechanical systems, including clocks, steam 
engines, and industrial machinery. In the 20th century, the 
advent of computers and software allowed for more advanced 
simulations and analysis of mechanical systems, leading to 
the creation of more complex and sophisticated machines and 
products. Today, mechanical design theories continue to evolve 
and adapt to new technologies and challenges, with a focus on 
sustainability, automation, and advanced materials.

MECHANICAL DESIGN
DESIGN THEORIES

CONCEPT Mechanical design theories 
are a set of principles, methods, and 
practices used to develop and optimize 
mechanical systems and components. 
These theories are based on the principles 
of physics, mathematics, and engineering 
and include concepts such as stress 
analysis, material selection, kinematics, 
and control systems. Mechanical design 
theories are applied in a wide range of 
applications, including machines, vehicles, 
structures, and consumer products. The 
goal of mechanical design theories are 
to create systems and components that 
are optimized for their intended use, 
balancing factors such as performance, 
efficiency, and cost.
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EXAMPLES 

FINITE ELEMENT ANALYSIS (FEA): FEA 
is a method of analyzing the structural 
integrity of mechanical components by 
dividing them into smaller elements 
and calculating the stresses and strains 
within each element. FEA can be used to 
optimize designs for strength, stiffness, 
and weight.

MATERIALS SELECTION: The selection 
of materials is a critical component of 
mechanical design, as the properties 
of the chosen materials can greatly 
impact the performance and longevity 
of the system. Factors such as strength, 
stiffness, weight, and cost must be 
considered when selecting materials.

KINEMATICS AND DYNAMICS: 
Kinematics and dynamics are areas of 
mechanical design theory concerned 
with the motion of mechanical systems. 
Kinematics focuses on the geometry and 
motion of components, while dynamics 
considers the forces and torques that 
cause motion. These concepts are 
used to optimize the efficiency and 
performance of mechanical systems.

APPLICATION 
An example of mechanical design theories 
being applied in a relevant way is the 
design of a suspension system for a 
race car. To maximize a car’s speed and 
handling, the suspension system needs 
to be designed to provide the optimal 
balance of stiffness, damping, and weight. 
Mechanical design theories are used 
to analyze the forces and loads on the 
suspension components, and to optimize 
the design for maximum performance. 
This includes calculations related to 
stress, strain, and moment of inertia, as 
well as simulations of the car’s behavior 
under various driving conditions. By 
applying mechanical design theories in 
this way, engineers are able to design a 
suspension system that allows the race 
car to navigate turns and bumps with 
precision and speed, while maintaining 
stability and safety.

REAL WORLD CONNECTIONS
The design of wind turbines requires a combination of aerodynamic and mechanical engineering principles, 
with a focus on optimizing the efficiency and reliability of the system. Mechanical design theories are used 
to select materials, design the blade profile and shape, as well as analyze the stresses and strains on the 
components. Nebraska has significant wind energy potential, and investments have been made in the state 
to harness the power of wind to generate electricity. Mechanical design theories have played a critical role 
in the development of these wind turbines, allowing them to operate safely and efficiently in the harsh 
Nebraska climate.


