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Abstract:
Bio-mimicry is the method that imitates nature to solve complex human 
problems. Soft robots can mimic biological motion as they can bend, stretch 
and deform continuously, much like fish, snakes and worms. In soft robots, 
the body and principle moving parts are made from flexible materials (like 
silicone, rubber, gels, or soft plastics) instead of rigid metal links. Current 
eel-like robotic swimmers use segmented robots with multiple moving 
parts. Simplifying these moving parts into a soft robot can potentially 
increase efficiency in swimming by improving speed and endurance.
The purpose of this research is to find the optimal tail shape for such a soft 
robot and obtain parameters that maximize the thrust of a swimmer robot. 
To develop a computationally efficient model, we use the programming 
language Julia to simulate how one fish with different tail shapes move and 
create required thrust force for swimming. After the best tail designs are 
obtained through simulation, those cases are validated through 
experiments using an MFC piezoelectric strip. The strip is actuated using 
controlled voltage signals at chosen frequencies causing it to bend and flap. 
The resulting thrust is measured using a force-torque sensor. Outcome of 
this research is to design a new tail that can enhance the swimming 
efficiency of bioinspired soft robotics for underwater swimming tasks. 
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Methods
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Preliminary Findings/Results:
• We vary tail flap frequency using the Strouhal number. At very 

high frequencies we see a net drag force instead of a net thrust 
force.

St = 0.15 St = 0.3 St = 0.6

Conclusions and Further Steps:
More data is needed to design optimally shaped robotic 
tail.
The next steps are to validate the simulated data by 
experimenting with an MFC strip which is a piezoelectric, 
soft, flexible material.

MFC Strip Used in Experiments

SLIDER FSU

Thrust is a function of 
amplitude and 
frequency:

𝑇ℎ𝑟𝑢𝑠𝑡 = 𝜌𝜔ଶ𝐴ଶ𝐿
Actuation Parameters:
• Frequency
• Pressure
• Phase Offset

Experimental Validation:
• MFC (Macro-Fiber Composite) 

piezoelectric strips is actuated using 
controlled voltage signals at chosen 
frequencies 

• Tail motion actuated by controlling three 
key parameters:

- Frequency: how fast the tail flaps.
- Pressure / amplitude: how much the 
tail bends per flap.
- Phase offset: timing between segments 
for coordinated motion.

• Force-torque sensor measured resulting 
thrust generated by each tail 
configuration.

Simulation:
• A simplified model is used where we focus on 

the backbone, (or top view) of the fish. This 
idealizes the shape of the fish.

• We use an open-source fluid simulator to 
analyze thrust generated by fish.

• Simulation results are used to identify tail 
configurations that produce maximum thrust.

A simplified shark model 
based on the swimming 
theory of slender fish [2] is 
used, focusing on the fish’s 
backbone, representing the 
body as a thickness 
distribution around the 
centerline, while the motion 
is described as a lateral side-
to-side traveling wave along 
the body.

We mainly use two methods to optimize tail shape of 
a soft robot for increased thrust.
1) Simulated swimming motion, and  2) Experimental 
Validation.

Oscillatory motion of swimming uses the Strouhal number: 
𝑆𝑡 =

𝑓𝐴

𝑈Most animals fly and swim efficiently at: 0.2 <= St <= 0.4


