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BionicFinWave: An underwater robot with a unique fin drive
Navigating autonomously through a system of water-filled tubes

Nature impressively teaches us what the ideal propulsion systems for certain types of
movement in water look like. For the BionicFinWave, which Festo is presenting for the first
time at the Achema 2018, the bionics team was inspired by the undulating fin movements
executed by marine animals such as the polyclad or the cuttlefish. With this form of
propulsion, the underwater robot manoeuvres itself autonomously through a system of acrylic
glass tubing. This project is providing impulses for future work with autonomous robots in the
process industry.

With this technology carrier, Festo is once more creating impulses for future work with
autonomous robots and new drive technologies for use in fluid media. Concepts like the
BionicFinWave could possibly be further developed for tasks such as inspection,
measurements or data acquisition – e.g. for water and wastewater technology or other areas of
the process industry. The knowledge gained in this project could also be used for methods in
the manufacturing of soft robotics components.

Swimming like the natural model
The longitudinal fins of the polyclad and the cuttlefish extend from the head to the tail – along
their backs, their undersides or the two sides of their torsos. To move through the water, the
animals use their fins to generate a continuous wave that progresses along the entire length of
their bodies. This so-called undulation forces the water backwards, thereby producing a
forward thrust. The BionicFinWave also uses this principle to manoeuvre itself forwards or
backwards.

This has enabled Festo to technically realise a fin drive unit that is particularly suitable for
slow, precise motion and causes less turbulence in the water than a conventional screw
propulsion drive, for example. While it moves through the tube system, the autonomous
underwater robot can communicate with the outside world via radio and transmit data, such as
temperature and pressure sensor readings, to a tablet.

Flexible silicone fins as integral components
The two lateral fins of the 370-mm long BionicFinWave are moulded entirely from silicone and
dispense with reinforcement struts and other supporting elements. They are therefore
extremely flexible and can realistically emulate the gently flowing movements of their
biological model. To carry out the movement, each of the two fins is attached to nine small
lever arms with a deflection angle of 45 degrees; these are driven by two servo motors housed
within the body of the underwater robot. Two flat crankshafts transmit the forces to the arms,
so that the two fins can move independently of each other; by this means, they can
simultaneously generate different wave patterns. To swim in a curve, for example, the outer fin
moves faster than the inner one – as with the treads of an excavator.

The BionicFinWave moves upwards or downwards by bending its body in the desired direction.
To make the crankshafts suitably flexible, universal joints are located between the lever



segments. The crankshafts, together with the joints and piston rod, are made from plastic as
integral components in a 3D printing process.

An optimally designed body with integrated onboard electronics
The remaining body elements of the BionicFinWave, which weighs only 430 g, are also 3D-
printed; this enables the complex geometry to be realised. With their cavities, the body
elements function as floats. At the same time, the waterproof cavities offer a safe location for
the entire control and regulation technology within a very small space. A pressure sensor and
ultrasound sensors constantly register the BionicFinWave’s distance to the walls and its depth
in the water, thereby preventing collisions with the tube system. This autonomous and safe
navigation required the development of compact, efficient and waterproof or water-resistant
components that can be coordinated and regulated by means of appropriate software.
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BionicFinWave
The underwater robot BionicFinWave manoeuvres
itself independently through a pipe system made of
acrylic glass.

 

BionicFinWave
The fins of the BionicFinWave are cast out of
silicone and do not require struts or support
elements.

About Festo

Festo is a global player and an independent family-owned company with headquarters in
Esslingen am Neckar, Germany. Festo has set standards in industrial automation technology
and technical education ever since its establishment, thereby making a contribution to
sustainable development of the environment, the economy and society. The company supplies
pneumatic and electrical automation technology to 300,000 customers of factory and process
automation in over 35 industries. Digitalization, AI and the LifeTech sector with medical
technology and laboratory automation are becoming increasingly important. The products and
services are available in 176 countries. With about 20,600 employees in over 250 branch
offices in around 60 countries worldwide, Festo achieved a turnover of around €3.33 billion in
2025. More than 8% of this turnover is invested in research and development. In this learning
company, 1.5 % of turnover is invested in basic and further training. Festo Didactic SE is a
leading provider of technical education and training and offers its customers worldwide
comprehensive digital and physical learning solutions in the industrial environment.

  


