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MECHANICAL DESIGN
STABILITY/BALANCE/SYMMETRY

CONCEPT Stability, balance and symmetry are essential 
considerations in mechanical design because they help 
ensure the safe and efficient operation of the system.

STABILITY prevents a system from tipping over or collapsing 
under the forces acting upon it. A stable design is less likely 
to experience unexpected or catastrophic failure, which can 
lead to damage, injury or loss of life.

BALANCE distributes weight and forces within the system. 
Proper balance ensures the system operates smoothly and 
does not create excessive wear and tear on its components. 
It also reduces the likelihood of vibration, which can be 
detrimental to the system’s operation.

SYMMETRY refers to the uniformity of the system’s 
components and layout. A symmetric design distributes 
forces and stresses evenly throughout the system, reducing 
the likelihood of weak points that can fail under stress. 
Additionally, symmetric designs are easier to manufacture 
and maintain, which can lead to lower costs and
longer lifetimes.
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EXAMPLES 

BASE: A stable and strong foundation or base is 
crucial to prevent the system from tipping over
or collapsing.

CENTER OF GRAVITY: Must be positioned correctly 
to ensure proper balance and stability of the system.

ALIGNMENT: Ensures that systems operate 
smoothly and efficiently, reducing wear and tear and 
minimizing the risk of mechanical failure.

STRUCTURAL INTEGRITY: The strength and rigidity 
of the system’s structure and components are 
essential for maintaining stability and preventing 
catastrophic failure.

APPLICATION 
The Porsche 911 GT3 is a high-performance 
sports car that exemplifies stability, balance 
and symmetry in its design. The car’s weight 
distribution is evenly balanced between the 
front and rear wheels, which improves its 
handling and stability on the road. The car’s 
aerodynamic design features a front splitter 
and rear wing that generate downforce, 
keeping the car stable at high speeds. The 
suspension system is designed to minimize 
body roll and keep the tires in constant 
contact with the road surface, enhancing 
its stability and handling capabilities. Its 
braking system is also designed for stability 
and balance, with large, ventilated discs 
that provide excellent stopping power and 
minimal brake fade.

BACKGROUND 

These principles have been applied for thousands 
of years, with examples dating back to ancient 
Egypt, Greece and Rome. Galileo Galilei developed 
the principle of the center of gravity in the 16th 
century, while in the 17th century, Christiaan 
Huygens developed the concept of the pendulum, 
enabling the development of precise timekeeping 
devices. Advancements in materials science 
and manufacturing techniques in the 18th and 
19th centuries allowed engineers to design more 
complex and sophisticated systems such as steam 
engines and bridges, and the principles of stability 
and balance were crucial to their success. In the 
20th century, with the aid of CAD and FEA tools, 
engineers optimized the behavior of mechanical 
systems for efficiency, safety and reliability.


