The Beauty of Redundancy: Why Aircraft Systems Are Designed to Fail Safely

By Arkadiusz Dulak

What do You associate with the word “redundancy”? Most people would dismiss this phrase as
meaningless waste, something unnecessary or excessive. However, in aviation redundancy
could not be further away from this common association. Redundancy is one of the most
logical, yet simple principles conceived: a deliberate safety net built into every aircraft system
so that even when things go wrong, safety prevails.

In aircraft engineering, redundancy is so much more than simply optional backups, it’s about
designing failure pathways which are controlled, predictable and most crucially survivable. It’s
the quiet confidence behind each flight, the assurance and expectation that no single individual
failure or error will bring the aircraft down.

A System That Expects Failure

Contrary to many engineering and design disciplines, aviation assumes and expects that things
will fail. Electrical circuits could degrade, hydraulic lines may leak, sensors can short. The
beauty of aerospace design is that failure isn’t feared, its expected and planned for.

Let’s use hydraulic systems as an example. Most aircraft operate on multiple independent
hydraulic systems. Each system is responsible for controlling the same critical component such
as flight controls, spoilers and flaps, landing gear, brakes, where redundancy is achieved
through separate subsystems. Each system is powered by multiple sources such as engine
driven pumps, electric pumps, Ram Air Turbine, to ensure that no single failure can compromise
all systems. The Power Transfer Unit (PTU) can furthermore transfer power between two
hydraulic systems, which allows for a functional system to provide pressure to a system that
has failed, essentially compensating for the failure.

This exact logic of redundancy applies throughout the entire aircraft. Avionic systems including
navigation and communication, flight control systems, fuel systems, pilot-static systems, are all
duplicated and even triplicated. Redundancy ensures that even if one component fails, it is
immediately replaced by another, seamlessly maintaining operation and aircraft safety.

Redundancy in Human Systems

What has captivated my interest, working in a maintenance environment, is that redundancy
does not solely exist in hardware, it exists strongly in people and operations. Every processin a
Part-145 workshop reflects this philosophy. Two technicians verify a torque value. A second
signature confirms a components serviceability. Documentation is cross-checked then
independently reviewed by certified staff. This example of human redundancy mirrors the
aircraft itself. All aspects of the operation are double-checked as human errors, similarly to
mechanical or electrical failures, are simply inevitable. Planning for the human factor effect is
professionalism not pessimism.



Engineering Trust

Redundancy is primarily about trust. Trust between the designer and operator, the engineer and
the pilot, and ultimately between the passengers and the aircraft itself. The systems built,
maintained and certified are not meant to be flawless, but instead forgiving. This is the real
allure of redundancy in aviation.

Every standby pump, duplicate circuit and every secondary inspection builds a layer of trust
into the structure of aviation itself. This is the reason that a modern airliner can fly halfway
across the world, through turbulent weather, navigating through heavy storms, and thousands
of mechanical cycles, simultaneously keeping everyone aboard safe.

A Lesson Beyond the Aircraft

Humility. Redundancy represents this aviation engineering philosophy perfectly, which deeply
resonates with me on a personal level and within my career. It’s a subtle yet powerful reminder
that no matter how advanced and intricate our designs may get and how experienced our
technicians and engineers are, we must always prepare for the unexpected and unpredictable.

This mindset extends far beyond aircraft systems; it’s an understanding that every aspiring
engineer or technician can carry throughout their careers. Working with an awareness that
crucial safety depends not only on perfection, but mostly on preparation and processes,
whether designing systems, performing maintenance and overhaul or simply inspecting a single
bolt.

This graceful degradation of systems, where performance output reduces predictably rather
than catastrophically is the art of aircraft design. Where engineering meets philosophy and
appreciation that perfection is not about preventing failure but ensuring resilience when it
inevitably happens.

And this is the untold, quiet beauty of redundancy. It is invisible when everything goes right yet is
the reason things do go right.



